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FOREWORD 

Users of various civil engineering codes have been feeling the need for explanatory 
handbooks and other compilations based on Indian Standards. The need has been 
further emphasi^ed in view of the publication of the National Building Code of 
India in 1970 and its implementation. The Expert Group set up in 1972 by the 
Department of Science and Technology, Government of India, carried out in-depth 
studies in various areas of civil engineering and construction practices. During the 
preparation of the Fifth Fivc-Year Plan in 1975, the Group was assigned the task of 
producing a Science and Technology plan for research, development and extension 
work in the sector of housing and construction technology. One of the items of this 
plan was the production of design handbooks, explanatory handbooks and design 
aids based on the National Building Code and various Indian Standards and other 
activities in the promotion of the National Building Code. The Expert Group gave 
high priority to this item and on the recommendation of the Department of Science 
and Technology, the Planning Commission approved the following two projects 
which were assigned to the Indian Standards Institution: 

a) Development programme on code implementation for building and civil 
engineering construction, and 

b) Typification for industrial buildings. 

A Special Committee for Implementation of Science and Technology Projects 
(SCIP) consisting of experts connected with different aspects was set up m 1974 to 
advise the ISI Directorate General in identification and guiding the development of 
the work. Under the first programme, the Committee has so far identified subjects 
for several explanatory handbooks/ compilations covering appropriate Indian 
Standards/ Codes/ Specifications which include the following: 

Design Aids for Reinforced Concrete to IS : 456-1978 (SP : 16-1980) 
Explanatory Handbook on Masonry Code (SP : 20-1981) 
Explanatory Handbook on Codes of Earthquake Engineering 

(IS : 1893-1975 and IS : 4326-1976) (SP : 22-1982) 
Explanatory ; Handbook on Indian Standard Code of Practice for Plain and 

Reinforced Concrete (IS : 456-1978) (SP : 24-1983) 
Handbook on Concrete Mixes (SP : 23-1982) 

Handbook c|i Causes and Prevention of Cracks in Buildings (SP : 25-1984) 
Summaries |f Indian Standards for Building Materials (SP : 21-1982) 
Handbook o| Concrete Reinforcement and Detailing (SP : 34-1986) 
Functional Requirements of Buildings : 

Functional Requirements of Industrial Buildings (SP :1 32- 1986) 
Foundation bf Buildings ; 

Steel Code (IS : 800) f 

Building Construction Practices | 

Water Supply and Drainage with Special Emphasis oh Plumbing (SP : 35-1987) 
Bulk Storage Structures in Steel 1 

Formwork ? 

Fire Safety 

Construction Safety Practices 
Tall Buildings 

Inspection of Different Items of Building Work 
Loading Code 
Prefabncation 

This Handbook, formulated under this project, provides information on the 
factors that influence timber engineering design and discusses them in detail. It 
provides explanatory review of Indian Standards on timber engineering and Part 
Vl/Scction 3 Wood of National Building Code of India 1983. The relevant 
literature available on the subject has been considered while preparing the 
Handbook. The scope of the Handbook is, however, restricted to the use of solid 
timber and docs not cover wood products, such as plywood, laminated material and 
sandwich constructions. 



Wherever the symbol *NBC' is used, it refers to Part Vl/Section 3 Wood of the 
National Building Code of India 1983. Other important features of the Handbook 
have been highhghted in the introduction. 

The Handbook, it is hoped, will be useful to designers of timber structures, field 
engineers and also laboratories engaged in design, research and testing of structural 
timber. 

The Handbook is based on the first draft prepared by Shri A.C, Shekar, Retired 
Director, Forest Products Research, Forest Research Institute and Colleges, Dehra 
Dun. The draft was circulated for review to Inspector General of Forests, New 
Delhi; Forest Research Laboratory, Bangalore; Dr A.N. Naycr, New I>elhi; 
Directorate General of Technical Development, New Delhi; Western India Plywood 
Ltd, Cannanore; Indian Plywood Manufacturing Co Pvt Ltd, Dandeli; Indian 
Plywood Industries Research Institute, Bangalore; Forest Research Institute and 
Colleges, Dehra Dun; Central Public Works Department, New Delhi; and Public 
Works Department (J&K), Srinagar, and views received have been taken into 
consideration while finalizing the Handbook. 
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1, INTRODUCTION 

IJ Wood is one of the earliest materials used by 
mankind for building purposes and has continued 
to attract attention in one form or other inspite of 
many competitive building materials and their use 
under highly developed technological 
considerations. Wood is a biological material 
from renewable resources, and extensively used in 
structural designs and other engineering fields. 
However, timber engineering developments arc 
only of recent origin in India. It is only in the past 
thirty years, new design and test methods have 
been developed, a few types of properly designed 
wood construction have come up, and wood has 
been recognized as an important building material 
(see National Building Code of India 1983). 

1.2 The present use of wood and other cellulosic 
materials, from forests, such as bamboo, thatch, 
reeds for residential and commercial types of 
buildings varies from about 10 percent ot the total 
cost in cities and urban areas, to even 100 percent 
in hills and remote villages where modern 
architecture Jinked with economic improvements, 
has not yet made much impact, in some of the 
developed countries of the west, use of timber has 
brought out several new types of architectural 
designs also, and wooden structures are reported 
to have stood the test of time for several years. 
Kven in this country examples e^ist in villages, 
old temples, some old palaces, etc, where wood 
has stood the test of time under continued use for 
even more than 200 years. 

1.3 Several internatioial and national seminars 
held between 1955 and 1975 recogni/ed that one 
of the prime factors in riot using wood extensively 
as an engineering matfriais is due to the scant 
attention received in Jthe present-day training 
programmes of architects and engineers. These 
.seminars, coupled with leveral R&D activities in 
India, have now sciejitifically and technically 
brought out that wood lean be used economically 
in several ways, such as beams, rafters, purlins, 
trusses, columns, doors, windows, frames and 
shutters. It has also been used for flooring, 
panelling, ceilings, roofings and partitions. It has 
been considered as an excellent and attractive 
material for interior decoration and furniture. 
Laminated and improved woods have enhanced 
utilization of low grade quality even for high class 
architecture, both for stress-bearing as well as 
non-stress- bearing components. Improved 
processing techniques have increased durability 
characteristics and effected greater economy. On 
the basis of these experiences more than 30 Indian 
standards have been brought out which are useful 
in the field of timber engineering. Some of the 
essential aspects of designs, etc, have already been 
incorporated in the National Building Code, 

L4 In view of the above it has been considered 
necessary to bring out the present Handbook to 



consolidate and update Ihc inlormation uvaitablc 
in this iield and which is not fully coxcrcd in NBC 
and several Indian standards. Il also provides a 
handy document lo engineers, architects and 
builders, and other technologists dealing in wood 
constructions. The material contained is generally 
restricted to experiences in India and on Indian 
species only, but attention has also been drawn 
wherever necessary to some cases of design trends 
in other countries which may prove useful tor 
future development in this country also. For 
obvious reasons of insufficient data and 
experience in this country, this Handbook cannot 
be considered as exhaustive document to cover all 
types of wood structures that have been and can 
be further developed with wood and wood 
products in this country. U is hoped that with the 
rapid developmenls coming up the future 
revisions of this Handbook will appropriately 
take care of the variety of needs in this country 
keeping in view the hmitation of the man\ species 
of wood available in this part of the world. 

1.5 No separate section for terminology has 
been introduced in this Handbook as IS : 707- 
1970 contains exhaustive list and manv technical 
words used here are covered in the same Some ot 
the special terms arc cither covi^red in the relevent 
standards quoted in ditterent places or explained 
in the text itselt where they occurred. 

1.6 A list of Indian Standards useful for timber 
engineering is given in Appendix A. 

2. TIMBER FOR STRUCTl RAL PllRPOSKS 

2T General 

2.1.1 When any material is used for 
engineering purposes, it will be helpful for 
rational utili/sition of the same, if the basic 
concepts and properties of the material are well 
understood. Wood is a material of biological 
origin and is ^considered by a biologist as a 
congregation 4f a number of biological ceils 
which have si^me definete assigned functions 
during the groi^th of a tree. The construction of 
these cells, the^ wall thicknesses, binding to each 
other, distribu^on and alignment in a piece of 
wood, all go to determine the behaviour of the 
material in use* They also serve as a guidance for 
identification of timber as to which species it 
belongs. The chemist, considers wood as a bundle 
of chains of cellulose molecules coupled with 
hemicellulose, lignin and a few other extractive 
chemicals, all of which render the necessary 
properties to the same as a raw material lor many 
chemical industries. In the concepts developed by 
a physicist, wood is an orthotropic material with 
different and widely varying mechanical and 
physical properties in the three principal 
directions of a piece of wood, that is, one along 
the direction of fibres, and the other two 
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perpendicular to the same known as longitudinal, 
radial, and tangential directions respectively (see 
Fig. 1). Like some other materials, it is also 
elasto-plastic even at room temperatures, that is, 
it shows time-dependant strains under some 
minimum stresses known as 'limits-of-plastic 
flow\ 
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Fig. 1 Principal Directions and Surfaces of 
Symmetry in Timber 



2.1.2 Thus its properties exhibit variations not 
only due to different species of wood, different 
trees of same species, different localities and 
conditions of growth, but also due to methods of 
test and conditions of materials at test. Hence in 
the use of such a material with the required 
confidence for safety and wide acceptability, there 
in an absolute need of a high degree of 
standardization to obtain test data based on 
statistical and technological considerations, and 
there is a need for a strict code to ensure economy 
and safety. In the following sections all these 
aspects have been discussed mainly from the point 
of view of a structural engineer using timber. 

2J;3 During the last fifty years, the Forest 
Research Institute, Dehra Dun, had systemati- 
cally established identification characteristics 
of different species of woods grown in India, 
evaluated several of their important properties 
and established suitability of various species for 
different industrial and engineering purposes. 
From considertion of their availability and other 
important properties, like mechanical and 
physical properties, durability, refractoriness to 
drying, workability, glucability, etc, out of nearly 
300 commercial species tested so far, only about 
85 have been identified as useful for engineering 
structures (see NBC 1983). However recent 
analysis of strength data of more species have 
indicated possibilities of utilizing many other 
species for structural purposes under different 



conditions. These aspects also have been discussed 
in the following sections. 

2*2 Growth and Development af Timber 
Engineering in India 

2.2.1 Timber has been used in India 
structurally as well as non-structurally from times 
immemorial for various types of house building 
purposes. In the early days there was no scientific 
data for proper designs, and consequently many 
of the early attempts on timber structures have 
been attributed only to hit and try methods, 
craftsman techniques, using only durable species, 
particularly teak. Sometimes protection to some 
non-durable woods against decay and insects was 
given only by surface coating of oils, paints, etc, 
which were not fully effective under all types of 
circumstances. Occassionally, instances can also 
be observed when protection was given to wood 
by simple smoking and charring methods. 
However, by about 1920, mechanical tests on 
different species under somewhat standardized 
conditions began at the Forest Research Institute, 
Dehra Dun. In due course of time, by about 1935, 
these results yielded quite reliable data for 
developing working stresses and designing of 
simple beams, columns and small trusses. Tests 
were also started on structural sizes of timber as 
early as 1936 and about the same period a note 
was also brought out by S. Kamesam on 
protectional methods for structural timbers 
against fire, termites, borers and fungi. 
Subsequently conventional trusses of spans 
ranging from 3 to 10 m have begun to be designed 
and were erected in different parts of the country 
by different constructional agencies using 
ordinary bolts and metal bindings. In some of the 
army specifications, some of the strong and 
durable woods were recommended based on 
standardized designs of earlier British defence 
specifications. These were largely used for 
temporary constructions during World War II. 
However, with the creation of a new Timber 
Engineering Branch in 1950 at the Forest 
Research Institute, Dehra Dun, small 
dimensioned stock came into use for structures, 
using nails and bolts, etc. Dowel discs and other 
connectors were developed which were 
subsequently utilized in the various types of light 
and heavy constructions. The Indian species by 
this time have been classified according to their 
strength, durability, refractiveness to drying, and 
other characteristics. On the basis of these 
classifications, and further studies on effects of 
defects* developments have taken place in grading 
structural timber not only according to their 
strength and durability but also according to their 
availability and possible end uses and whether foi^ 
temporary or for permanent construttions. Also 
with the increasmg costs, and shortage of 
naturally durable timbers like teak, sal, deodar, 
etc; and with developments in the processing 
techniques, the secondary species which were 
originally considered unsuitable, were used under 
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proper treated conditions with the same 
confidence as conventional timbers. The design 
aspects of timber structures had been codified and 
incorporated in the National Building Code and 
several Indian standards have come up for use of 
timber in building industry. Indian standards for 
special types of constructions also have come up. 
Considerable amount of published literature is 
now available on research and developments that 
took place in the last three decades in India. More 
important Indian specifications and technical 
literature are given in Appendices A and B. With 
more developments in wood technology, 
particularly plywood and laminated materials, it 
is hoped more timbers and new designs of timber 
products will come into use for structures. The 
wide publicity and extensive demonstration 
structures are required in order to develop greater 
confidence, and introduce timber designs in 
several regional and institutional construction 
codes. 

23 Timber Resources of India for 
Structural Purposes 

2.3.1 Indian has about 75.3 million hectares 
or about 24 percent of land area under forests, 
which are unevenly distributed. All the forests are 
not fully inventoried for the different species 
though currently some efforts are going on for 
systematic survey of forest resources in the 
different regions. Much of the currently available 
information in the National Building Code and in 
many of the Indian Standards, as reported in the 
Handbook is based on the data supplied by the 
local forest departnnents on the basis of their 
preliminary surveys [only. 

2.3.2 These forces contain a variety of plant 
life. Of these, wood>^ plants alone constitute more 
than five hundred species distributed in different 
parts of the country| Commercial wood is known 
as timber. All comi^ercially utilizable wood, for 
example, timber, coines from two main types of 
trees known as '|ymnosperms' and *angios- 
perms'. Trees of the former type are also known 
as *conifcrous trees' which have needle type leaves. 
Among the trees of the latter type, there are two 
further divisions: (a) dicotyledons and (b) 
monocotyledons, the names suggesting that their 
seeds contain two lobes or single lobe. 
Dicotyledons are also refered to as 'broad-leaved' 
trees, and the monocotyledons produce meterial 
which have bundled type of fibres, like palmyrah 
and bamboos, etc, which are used generally in the 
round or circular sections as such for obtaining 
their full strength. Timber from coniferous trees is 
sometimes referred to as *softwood' and that from 
the broad leaved trees is referred to as 'hardwood' 
though the nature of the wood from the respective 
trees has nothing to do with softness or hardness 
as the terms are commonly understood. There are 
many hardwoods which are soft in nature like 
cotton wood (semul) or balsa. Similarly there are 
quite a number of softwoods which are fairly hard 



like 'fir', *deodar\ etc. Hence the use of the terms 
*so ft woods' and *hard woods* are being 
discouraged in Indian standards for identifying 
the origin of the wood, and the words 'coniferous' 
and 'non-coniferous' or 'broad-leaved' for trees 
and woods are being increasingly used in many 
publications. 

2.3.3 All the species are known by their 
botanical names (as Tectona grandis) consisting 
of two parts; the first is the generic name, 
indicating the genera from which the woody 
material has come, and is always written 
beginning with a capital letter. The second part 
indicates the name of the particular species, and is 
written beginning with a small letter. It is always 
possible that under the same genera there can be 
two or more species with distinct botanical 
identity (for example, Terminalia tomentosa, 
Termmalia arjuna, etc). However commercially, 
the woods are known by 'trade' names and it is 
possible the same trade name is used for more 
than one species but belonging to the same genera 
(for example, Gurjan and several dipterocarpus 
species). A list of botanical names and 
corresponding trade names of all species along 
with abbreviations used for the species are given 
in IS: 1150-1976. In most of the Indian 
standards, both the botanical and the trade names 
are usually given. In the recent years, there have 
been some changes in botanical names in the light 
of fresh knowejedge about the botanical 
characteristics of the trees from which wood is 
obtained, and in accordance with international 
rules for naming the species. For this purpose the 
botanical names are sometimes followed by names 
of the authors who so named the species, such as 
Mangifero indica Linn and Alhizzia procera 
Benth but this is not a regular practice in all 
technical literature. IS : 399-1963 gives botanical 
names and trade names of commercial timbers. 
Some of the botanical names have subsequently 
been changtd and are reflected in NBC 1983. 
However, (She trade names remain generally 
permanent m they came to be used popularly and 
widely bothjin commercial markets and technical 
literature. Tiiese timbers are also known by their 
Mocal namer in regional markets. 

2.3.4 Tht total recorded production of wood 
in the country is roughly estimated as 25 million 
m^ per annum of which approximately 10 million 
m^ is currently demanded by various industries 
including saw mills and construction industry. Of 
this, one can safely assume that approximately 2.5 
million m^ is now utilized in rural and urban 
houses and nearly 0.5 million m^ for non- 
residential construction, and the balance of timber 
is used for other industries, such as plywood, 
railways, furniture, agriculture and pulp factories. 
It is, however, estimated that about 30 percent of 
the building materials is in the form of timber 
required for construction industry. On this basis, 
the current demand for timber for construction is 
expected to be of the order of about 6 million m^ 
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and this will increase more rapidly in the future. 
Although there arc trends of increasing forest 
productivity to meet the demands of various 
industries and building constructions, the gap 
between availability and demand in future is still 
expected to increase and hence there is a need of 
greater economy and rational utilization of limber 
by developing new techniques in structural 
applications of timber. A number of other 
suggestions such as developing improved products 
of wood for structural purposes, utilizing more 
species and the odd sizes of trees hitherto 
considered not usable, raising fast growing species 
in forests, obtaining quick rotations in felling the 
trees, etc. are also under active consideration of 
the concerned authorities, 

2 J. 5 As known by the data suplied by various 
forest departments and the Forest Research 
Institute, nearly about 85 species have been 
indcnlified in the National Building Code as 
useful for structural purposese; and their primary 
characteristics, such as weight, availability, 
durability, refractoriness and treatability are given 
therein. Recent analysis of strength data of more 
species indicate the possibility of using some more 
species. 1 hese have been indicated in Appendix H 
along with other properties. 

2-3,6 According to IS : 3629-1966 all the 
structural species are classified into three 
groups ~'super\ 'standard' and 'ordinary' -based 
on their modulus of elasticity for green timber as 
obtained under standard tests and also fiexure 
stress in bending as obtained under working 
stresses {see 2.3). But NBC classifies these into 
groups A, B and C based on 'modulus of 
elasticity' and gives permissible stress in bending, 
tension and flexural However, as structural 
engineering design considerations of use of timber 
are based on permissible stresses obtained from 
standard tests, for all reactions like bending, 
compression and shear, these are also given in 
Table I for the three recognized groups along 
with standard specific gravity on which all 
properiies generally depend, and which generally 
serves as a ready guidance for selection (see SI 
No. 26 of Appendix B). According to a system of 
grouping several strength factors {see also 3J.4) 
and also expressing composite strength figures 
compared to teak as 100 the limiting composite 
strength figure as used in IS : 399-1963 is also 
given in the same tabic for the three groups. 
Earlier edition of IS : 833-1977 also suggests that 
permissible stress in bending of standard grade 
timber, under use in inside locations, as additional 
limiting factor for structural groupiag. These and 
other corresponding permissible stresses are also 
indicated in the same table for comparison. 
Although, as mentioned in NBC, modulus of 
elasticity alone may be generally sufficient for 
classification of any species under different 
groups, the other criteria mentioned above also 
serve as a check and would be helpful to place any 
species in the respective groups with greater 



confidence. This ha$ been necessary in some 
species, such as Carallia luiida, Gluta 
travoncorka, Pinus lonifolia, some dipterocarpus 
and Termh^alia species, Zanthoxylum rhefsa, etc. 

2-3.6.1 When the same species in different 
locahties fall in different groups, the group of 
majority localities is taken, such as Shorea 
robusta (sal) of Assam, Bengal, Bihar and UP falls 
under Group A but that of MP falls under Group 
B. Similarly Tectona grartdis (teak) of MP and 
Orissa falls under Group C but of Kerala, 
Maharashtra, UP and Bengal falls under Group 

B. Hence the above two species are taken in 
Group B. Similarly although Stereospermum 
chehnoides tested from Madras falls under 
Group B yet the same tested from West Bengal 
falls under Group C, Also other Stereospermum 
species like Stereospermum swaveolens from UP 
and Stereospermum xylocarpum from Madras 
fall under Group C. Hence all the stereos- 
permum species have been shown under Group C 
only. As grouping of species for structural species 
is associated with safety and economy, in the long 
run, whenever there has been any doubt for 
appropriate grouping with regard to different 
strength characteristics and in relation to locality 
of growth, the safer side, that is, lower grouping 
has been adopted. It may be noted that different 
species of same genera may fall into different 
groups, such as Calophyllum tomemtosum in 
Group B, and Calhphyllum wi^htianum in Group 

C. Similarly, Termmalia arjuna, T, bellerica, T, 
bialata, T. chebula, T manii, T. paniculata, and 
T, tomentosa all fall under Group B, but 
Terminalia mvriocarpa. and T. procera fall under 
Group C 

2.3.6.2 In a seminar on timber and timber 
products for building purposes held in Dehra Dun 
in 1977, a suggestion was made that there should 
be a fourth group. Group D also, for listing such 
timbers which are 'neither durable nor treatable', 
to be used for extremely temporary structures or 
other semi-structural purposes in service work. 
However, this has not been standardized as such, 
nor docs it seem to stand logical permanent 
classification, as any timber can be used for such 
purposes, and technological developments in 
wood preservation are always directed towards 
improving durability and treatability of all such 
species. 

2.3.6.3 When in any structure all the pieces 
of timber are from the same species, then it may 
be useful to employ the working stresses of the 
particular species as given in Appendix H. 
However, when a number of species arc required 
to be used together, it is advantageous if all the 
species are of the same group and the working 
stresses of the particular group for a given 
condition as given in Table 2 would be justified 
for maximum efficiency and economy. The 
methods of deriving the working stresses are 
discussed in 3J in greater detail. 
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TABLE 2 PERMISSIBLE STRESSES FOR GRADE 2 TIMBER 








(Ciause 2.3.6.3) 












Location 




Pehmi&sible Stresses, 


kgf/cmJ 




f 

Group A 
(£»I26) 


Group 
(£«98 to 


B Group C 
126) (£*56 to 98) 


(1) 


(2) 




(3) 


(4) 




(5) 


Bending and tension along grain 


Inside locations 
Outside locations 




182 
152 


123 
102 




84 
70 




Wet locations 




120 


81 




60 


Shear 


Horizontal, all locations* 




12 


9 




6 




Along grain, all locations 




17 


13 




9 


Compression parallel to grain 


Inside locations 
Outside locations 




120 
106 


70 
63 




64 
56 




Wet locations 




88 


58 




46 


Compression prepcndicular to 
gram 


Inside locations 
Outside locations 




60 
46 


22 
18 




22 
17 




Wet locations 




38 


15 




14 


*Thc values of horizontal shears 


to be used only for beams. 


In all 


other cases shear along grain 


to be used. 



2.3.7 For purposes of knowing the availability 
of the species India has been divided into five 
zones and the approximate quantity available in 
each zone is given in NBC 1983 and also in 
IS : 399-1963. 

a) North Zone — Jammu and Kashmir, 
Punjab, Himachal Pradesh, Delhi, Uttar 
Pradesh and Rajasthan; 

b) East Zone- Assam, Manipur, Tripura, 
West Bengal, Bihar, Orissa, Sikkim, Bhutan, 
Andamans, North East Frontier Agency and 
Nagaland; 

c) Centre Zone — Madhya Pradesh, Vidhar- 
bha areas of Maharashtra and the North- 
East part of Andhra Pradesh (Godavari 
delta area); 

d) West Zone— Maharashtra (except Vidhar- 
bha areas), Gujarat and North-West part of 
Karnataka; 

e) South Zone — Tamil Nadu, Andhra 
Pradesh (except the Godavari deha area), 
Kerala and Karnataka (except North-West 
part). 

However, it may be noted that the data on 
availability in different zone is only approximate 
and collected quite sometime ago. In the recent 
years the inter-zonal transport systems have been 
improved very much, and quite a lot of timber 
movement has been feasible economically. Hence, 
the total approximate quantity available in the 
country as a whole has been estimated and the 
principal areas of growth and availability along 
with trade names and other local names have been 
indicated in Appendix G. Species which arc in 



heavy demand for other important industries have 
also been indicated accordingly. 

2.3.8 Species of wood are to be chosen also 
according to their durability. The durability of 
species have been classified in IS : 399-1963 
according to the behaviour of the heartwood 
sticks in *grave-yard test', sometimes known as 
*stake tests'. Test specimens of untreated 
heartwood of different species of size 60 X 5 X 5 
cm are buried to half their length in the ground in 
different representative test centres in the country, 
containing different types of wood destroying 
agents. The average results are analyzed and the 
species arc classified for durability as below: 

High (that is, Class 1 of IS : 401-1982) (//) : 
Species, the test specimens of which indicate 
average life of 120 months or more, when tested 
as above. 

Moderate (that is Class 2 of IS : 401-1982) 
(Af) : Species, the test specimens of which indicate 
average life of less than 120 months, but 60 
months or more when tested as above. 

Low (that is, Class 3 of IS : 401-1982) (L) : 
Species, the test specimens of which indicate 
average life of less than 60 months, when tested as 
above. 

It may be indicated here that the above is not 
the actual life for designed structures. The above 
is only a comparative classification of species for 
appropriate choice. Properly treated timbers give 
much longer life. 

2.3.9 Species are classified also for 
treatability' to indicate approximately the degree 
of resistance offered by the heartwood of the 
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species to penetration of the preservative under 
working pressure of 10.5 kg/cm^ under conditions 
of treatment normally employed for creosote- 
crude oil mixture and also water soluble mixture 
(see 4,4), There can be minor differences of 
treatability with different types of preservatives. 
Sapwood of all species is very easily treatable. 
Treatability classification of different species is as 
follows {see also IS : 40M982): 

a) Heartwood easily treatable; 

b) Heartwood treatable but complete 
pencrtration of preservative is not always 
attained (IS : 401-1982 prescribes least 
dimension as more than 6 cm); 

c) Heartwood only partially treatable; 

d) Heartwood refractory to treatment; and 

c) Heartwood very refractory to treatment, 
penetration of preservative being negligible 
even from side or end. 

2J.10 When species of wood are air-seasoned, 
as most of the constructional timbers of large 
cross-sectional areas would be, they are likely to 
crack and split. Under comparable normal 
conditions of seasoning, these are classified as of 
*high\ 'moderate', and 'low' refractoriness to air- 
seasoning, that is, to indicate likelihood of losses 
in air seasoning, or when exposed to normal 
weather in outside locations. This classification 
will help comparative selection of appropriate 
species in the different areas. 

2.3,11 In the final selection of the species the 
NBC recognizes two choices as below depending 
on their combined durability and treatability. This 
will help engineers to adjust according to the 
required economy in constructions, particularly 
with reference to permai|cnt or temporary, heavy 
or light constructions, ind in selecting required 
treatment processes, devisee IS : 3629-1966). 

2.3.11.1 first choipe — The species can be 
any of the following: 

a) Untreated heartwood of high durability 
(Class 1 of IS : 401-1982) 

b) Treated heartwood of moderate (Class 2) 
and low (Class 3) durability, and of 'a' ana 
'b' treatability classes. 

c) Heartwood of moderate durability (Class 2) 
and Class c treatability after appropriate 
pressure impregnation (see IS : 401-1982). 

d) Sapwood of all classes of durability after 
thorough treatment with preservative. 

2.3.11.2 Second choice — The species 
should be of heartwood of moderate durability 
and Class d treatabiUty. 

23.11.3 Although no specific mention is 
made in NBC and IS : 3629-1966 recognizing 
selection of species of Class 3 durability and Class 



c treatability for temporary structure when their 
life is not important. 

2.3.12 Considering all the above, the timber 
resources for structural purposes in India demand 
a careful selection of species consistent with the 
required economy. In recent years, the cost of 
popular and durable species ranged from Rs. 500 
to Rs. 1000 per cubic metre depending upon the 
sizes and grades. Some of the ornamental and 
decorative varieties to be used for wall panels 
even cost more, though plywood and other types 
of panels are gradually coming into vogue. The 
cost of sesoning has been around Rs. 75 per cubic 
metre and the preservative treatment on the 
average costed Rs. 150 per cubic metre. However. 
it may be remembered that the economy of timber 
utilization depends not only on the fluctuating 
costs of material and treatment in the mark-Jts, 
but also on the annual mamtenance costs and the 
minimum longivity expected of any structure. 

2.4 Selection and Identification ^f Structural 
Species 

2.4.1 Wood identification is a highly 
specialized subject falling under the discipline 
'Wood anatomy*. Some of the popular species in 
the various zones can be broadly guessed and 
identified by their 'groes features' such as grain, 
texture, colour, hardness and weight aided by the 
knowledge of locality of origin of the species. 
However, a pen-knife and a hand lens of 10 times 
magnification would be helpful for further 
confirmation of the timber by a closer study of 
the distribution of different types of cells. In order 
to have more accurate confirmation it would be 
essential to take their sections (of the order of 
microns in thickness) with the help of a 
microtome, and study the same under a 
microscope of higher magnification. Still the 
wood anatomists quite often feel that in some 
cases they would not be absolutely sure with 
regard to the species though they can confidently 
identify the gfnus. In extreme cases, the 
herbarium specittien, that is, the leaves, fruits and 
flowers of the trfe, from which the wood has been 
obtained, will I be required for establishing 
unquestionable ijentity. In general all the above 
tests, alongwith| the herbarium specimen, are 
considered al\^ays necessary for absolute 
confirmation. 

2.4.2 Identification of commercial species of 
India are usually done by what are called 'keys' 
for identification. There are two such system of 
keys in vogue. The first is called a 'dichotomous' 
key. A typical such key is given in Appendix C 
which includes only some of the timbers but it 
should be possible to construct such keys 
specifically for the structural timbers belonging to 
a particular group. The Forest Research Institute 
has published several keys for common 
commercial species available in various markets 
or for species used for specific purposes such as 
for motor lorry bodies. Some keys arc constructed 
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on the basis of features observed entirely by 
naked eye or a hand lens, and some are 
constructed on what can be observed under 
microscope. It is also possible to combine both. U 
is, however, not possible to prepare i^ key of this 
type for all available commercial timbers of the 
world or India. Also when such a dichotomous 
key is constructed for limited number of species 
against a background of common market or end 
use, additional species cannot be included without 
changing a large section of the same. 

2.4.3 A second system of key for identification 
is through the help of marginally perforated 

f Tinted pack of cards describing all features. 
S : 4970-1973 describes this system of the key 
alongwith all aids required for the sam«. In this 
system the diagnostic features of each timber are 



recorded by V-punching out the margin of the 
perforations corresponding to the features of the 
timber printed on the card (see Fig 2). To identify 
a given timber, the whole pack of the printed 
cards are arranged together and a needle is 
inserted through the hole of the first feature 
observed. On shaking out all such cards of 
different species which have the same feature fall 
out, A second feature observed on the limber to 
be identified, is then selected and the above 
process of inserting a needle and shaking is 
repeated on the fallen cards so that some more 
cards fall out which have the same features. Thus 
one after another all features arc taken up and 
ultimately only one card will fall out which has all 
the features observed, and this card gives the 
identity of timber under consideration. The 
advantages of this type of keys are: (a) one can 



21 NON-PCMOIA 



39 KtNCfOKOi/S 



30 VtRV URCC 



31 lAMCE TO HEDtUM SZED 



32 SMALL TO VIW SMAU 



33 SCANTY 



34 MOO^KATEIY NUrtftOUS 



33 VEKT NUHEFOUS 



3$ £xausivar sarrAKY 



37 



SOttTAAY * SHOAT 
RACIAL nUlTtPUS 



.. LONG MOIAL CHAINS 
'• OK MULTtPtJES 



39 TANCChrriAL aUSTEAS 



40 OBUQut citoun 



41 FLAME LIKE 



,« COLOURED DCraUTS 

*« Yaiow, iLACx, HO, trc 



M* WHItCOft 

*' CHAUYocPosm 



44- TVLOOS AtUNOtAKnr 



4$ INOtSTINCT 0« AU94T 



46 wmjut on scAmwo 



47 PtFruS|*»l^GGACGATB 



46 



ociiMrriNa 

GKOwrH.IUNGS 



49 VASlCfNTMC 



50 AlffOMI 



51 CCNaUEMT-MAMOW 



52 CONA.UCNT « lAOAa 



S3 AANOCO^NAAItOW 



54 ftANOiO^MOAO 



OTH6« ANATOMICAL 
PtATIMCS 



OTHM AMATOMKAk 



SATV/OOO AND 
HIAftTWOOO DISTINCT 



itCKTCOLOUMD 



SHADES 0^ tftOWN 



SHAOCSOr MD 



OTHCR COLOURS 
SLACK* PUHf>Lf , ETC 



MOnUO OR STREAJCtO 7 



SOfT TO VERY SOFT 



nOOERAnLT HARD 



HARD TO VERY HARD 



10 



LtCHT TO VfRY LIGHT 



MOOCRATtLY HEAVY 



HEAVY TO VERY HEAVY 13 



DISTINCT ODOUR 



14 



lUtTRI 



15 



SlVfH GRAIN 



auoMsciNce 



17 



nNC-rtXTUR£0 



16 



HEOKJH. _ 
COARSCTCXrUREO 



COARSE.TEXrURE0 



20 



OILY OR GREASY 



5ROA0 TO VERY RROAO 22 



HDDERATELY 9R0R0 



}3 



»1N| TO VERY RNt 



24 



MQAO^WA 



25 



YSMCEO 



26 



ifw wtoar sr Aao 27 



Fig. 2 



MANDSOOK ON TIMBER £NaiN££SING 



SP : 33(S«:T)-19M 



start with any obvious or unusual feature, (b) the 
features can be used in any sequence and (c) any 
card can be prepared for any new timber species 
and added to the pack and selection is also based 
on negative characteristics, that is, cards of 
timbers, in which the selected features are not 
present remain on the needle itself when shaken. 

2.4.4 Some people have tried to develop 
identification keys on the basis of chemical 
constituents of timber or mechanical and other 
physical properties of timber but these have not 
become popular as yet. 

2.4.5 In all cases of identifying biological 
specimens, it is best in the end to establish 
identification by comparison with authentic 
specimen themselves and using all available keys. 
For this purpose purchasers and users of timber 
regularly are advised to keep in their custody a set 
of authentic specimen so certified by recognized 
laboratories such as the Forest Research Institute, 
Dehra Dun, and Forest Research Laboratory 
Bangalore and Peechi (Kerala), etc. 

2.4.6 To be able to identify the different types 
of common features that are to be looked for on 
the different species in the 'process of their 
identification and selection, description of the 
same are given in 2.4,6.1 and 2.4.6.2. 

2.4.6.1 Gross features 

a) Bark — The outer cover of a log, which 
many a time easily peels off on dr>'ing, is 
generally a rough surface. However, in some 
species hkc Ficus Or Eucalyptus it is smooth. 
In Shorea specie^ it shows fissures and 
cracks. In some species like Melia diamond 
shaped fissures ar# observed. The thickness 
of the bark and \ii general appearance is of 
some diagnostic >^lue. 

b) Pith - This is thcf soft core found near the 
centre of the log a| .seen at the end. When in 
dry condition, Icit of radial cracks are 
observed. The colour is commonly some 
shade of brown or grey. It is rarely of any 
diagnostic value. The squarish ends with 
concave sides is sometimes considered 
typical of teak. 

c) Sapw'ood and heartwood — When viewed 
on the cross-section of a log, two clear zones 
appear, the one comparatively lighter in 
shade and nearer the bark side is known as 
*sapwood' and the inner zone near the pith, 
is Known as 'heartwood'. These two zones 
contain cells with different functions in the 
growth of the tree. However, in a felled tree 
or a log stored in a depot, colour distinction 
is not always a true criteria for distinguish- 
ing them. In Abies pmdrow (fir) and Picea 
smiihiana (spruce) there is no colour distinc- 
tion. Hardwoods like mango, scmui, do not 
show the cok)Ur difference. In some species, 
for example, Shorea robusty the sapwood 
changes its colour from reddish brown near 



the heartwood region to nearly white nearer 
the bark. However, from anatomical point 
of view and also strength point of view there 
is no difference between sapwood and heart- 
wood. The sapwood is a very easily treat- 
able than heartwood, and so is always 
advantageous from the point of preser- 
vation and tretment of timber. 

d) Growth rings — Most timbers show on the 
cross-section a number of concentric marks 
approximately annualar in shape, that is, 
circular around the pith and ultimately 
taking contour shape as of bark. Sometimes 
they are faint and sometimes they are pro- 
minently visible to the eye. The width of the 
ring consists of two parts, the wood formed 
in the early part of growing season known as 
'earlywood' and (sometimes referred in lite- 
rature as 'springwood') and the wood formed 
during later part of growth season known 
as *latewood' (sometimes referred in literature 
as 'summerwood'). The two parts differ in 
texture, colour and general structure. The 
time interval between two such consecutive 
growth rings is usually a single alteration 
of growth season which is usually one year. 
Hence they are also often known as 'annual 
rings' and thus the number of rings provide 
a reliable idea of the age of the tree. Some- 
times there can be *false rings', and in some 
regions the growing season is not regularly 
annual. Sal, gurjan, jaman, and mango do 
not show any distinct annual or even sea- 
sonal growth rings because the growth is 
continuous and one season's growth merges 
into next season's growth. In conifers like 
chir, deodar, and in some broad leaved trees 
hke mulberry, teak, toon, the rings are 
distinct and give a correct idea of the rale of 
growth. Fast growth indicates rings wider 
than 2.5 mm, and 8 rings or more per 
centimetre indicate slower growth. Width of 
rings has ajsignificant effect on strength and 
sometimes jthey are of diagnostic value. 

e) Grain andi texture — These are somewhat 
loosely understood terms to indicate the 
direction, Alignment and size of the cells 
as seen on& the surface of piece of timber. 
These are also of some diagnostic value. 
The grain which is concerned with orienta- 
tion of cells with reference to the axis of the 
tree is usually described 'straight', 'cross', 
'spiral', 'interlocked', 'wavy', 'irregular', etc. 
The texture of wood is commonly described 
as 'coarse', fine', 'even* or 'uneven' to indi- 
cate the size, proportion and distribution of 
various wood elements. Sandalwood and 
haldu are fine textured woods; mango, 
bollock and kokko are coarse textured. 

f) Other characteristics, such as colour, odour, 
hardness and weight as their names suggest, 
help in identification of very commonly 
known timbers but one should be very 
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cautious in applying these to any unfamiliar 
wood. 

2,4.6.2 Minute structure of wood 

a) Depending upon the function expected of 
various types of cells during the growth of a 
tree, they are classified as vessels fibres, 
trachieds, parenchyme, etc. The size, pro- 
portion and arrangement of the various 
wood elements constitute the characteristic 
pattern, and celluler structure seen under 
a icns or microscope on the basis of which 
identity of wood is established. These are 
also responsible for making the specific 
species usable for specific end uses, and 
particularly building purposes where 
strength, nailability, glucability, insulating 
properties, paintability and treatability 
form important considerations. 

b) Pores or vessels - They appear on the 
cross-section of broad-leaved trees as appro- 
ximately a circular or oval openings or 
holes. Hence they are called pores, in coni- 
lerous woods they are not visible and so 
they are called *non-porous\ The pores may 
by distributed in a ring form or diffused. In 
*ring porous' woods, those of early wood arc 
distinctly larger than those of late wood 
such as in teak, mulberry and toon. Hence a 
ring is clearly seen. In diffused porous wood, 
such as sal, haldu the pores are uniformly 
distributed. Sometimes there will be other 
types of groupings such as radial chains as 
in ebony and lambapatti, or in oblique 
grouping such as in poon. The pores may be 
minute in si/e as in Gardenia sp. or large 
as in semul and kokko. In the sapwood, 
pores may be empty but in heartwood they 
sometimes get tilled with deposits and 
inclusions called ^tyloses' which arc formed 
by ingrowth of adjoining cells as a part of 
heartwood formation. They appear as 
*foam-like' structures. They are considered 
indicative of natural durability but reduce 
the easiness of seasoning and treatment. 

c) Fibres - This is a somewhat misleading 
term. As commonly understood any thread- 
like or filament-like material of plant origin 
is a fibre. However, wood anatomists recog- 
nize this as vertically aligned, narrow elon- 
gated, thick wailed, wood cell with taper- 
ing ends occuring only in hard woods and 
which impart mechanical strength to the tree 
in its growth, and make up the bulk of the 
wood by weight. They appear not indivi- 
dually but collectively in dark coloured 
patterns. Like vessels they are absent in 
conifers and the corresponding longitudinal 
elements in conifers are called trachcids 
which are described below. However in pulp 
technology the words 'long fibres' and *short 
fibers' arc used for the filament like 
materials in conifers and hardwoods res- 
pectively. 
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d) Tracheids — In conifers they have dual role 
of conducting the sap and also giving 
strength to the tree. They have pits on their 
walls like vessels, but have thick walls and 
tapered ends like fibres. The early wood 
have thinner walls^ larger pits, larger lumen 
and the later wood contams thicker walls, 
less pits and smaller lumen, thus giving rise 
to prominent growth rings. 

e) Paranchyma re//5 — Somewhat short, re- 
ctangular cells with thin walls, and pits 
designed for storage and conduction of food 
material during growth. Generally they are 
along the direction of growth of the tree, 
and hence known as longitudinal paranc- 
hyma. But sometimes they are formed 
among the cells running in radial direction 
and are correspondingly called radial para- 
nchyma. The collective patterns of these 
cells are of important diagnostic value. 

/?fl>'5 — Horizontally oriented cells known 
as medullay rays running in radial direction 
appear as light coloured ribbons of various 
patterns giving distinct features. Broad, 
high rays are characteristic of oak, beech, 
etc. Fine inconspicuous rays are features of 
all conifers and some hardwoods like laurel, 
benteak and ebony. 

g) Ripple marArj — When viewed on the tan- 
gential surface, some wavy lines caused by 
rays running at right angles to the longi- 
tudinal direction are sometimes observed on 
some woods such as bijasal kanju and satin- 
wood, and are very helpful in identification 
of timbers. 

h) Resin canals and gum ducts- Intercellular 
canals, serving as repositories of waste 
products like resin and gums, either in verti- 
cal or in horizontal directions observed 
distinctly under a lens in some conifers like 
chir, kail, and in hardwoods like sal, vella- 
vine and hopca. They are of varying shades 
of brown and varying sizes, which seems to 
be very good diagnostic feature as only a 
few timbers possess these. 

2*4.7 After identification of any species of 
wood, another important factor which influences 
selection is identifying the common defects and 
assessing their influence on the stress-bearing 
capacity of the material. This is discussed in detail 
in 2.5 which deals with grading. Several Indian 
standard specifications have indicated the extent 
of pcrmissibilit)^ of the defects for respective uses. 
Brief descriptions of some common defects, 
required to b^ identified for structural purposes 
arc given below [see IS : 3364 (Parts 1 and ly 
1976]: 

a) C/iecA:5 — Identified by the separation of 
fibres along the grain observed on the longi- 
tudinal or end surfaces. 

b) Deca^ — Also referred as *rot' is commonly 
identified as brownish or greyish patches on 
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the surfaces, and their condition is judged 
quantitatively by their surfaces. As these are 
caused by fungii which eat away the ceil 
wall, the strength is affected unlike 'sapstain\ 
in which the contents of cell and not cell 
wall are eaten, [see 3.2.4.5 and item (j) 
below], 

c) Flutes — These appear on the surface of logs 
as longtitudinal depressions, deeper and 
wider at the butt-ends and gradually dimi- 
nishing in depth and width as it reaches 
upwards. 

d) Grain orieniat ion — 'Spiral grain' is identi- 
fied on the logs by the direction of surface 
grain, or fine hair splits between them as 
they spiral along the length either ^clockwise' 
or ^anticlockwise" as seen from the smaller 
end, that is, top of the log (also known as 
*right handed' or Meft handed'). !n cut tim- 
ber, this appears as inclined in both radial 
and tangential surfaces and there can be 
some confusion as to the exact cause of any 
inclination of the grain to its longitudinal 
axis. Any grain appearing as generally not 
parallel to the longitudinal edges, are known 
by the general term *cross grain' and inclu- 
des different types such as ^diagonal grain' 
(caused due to material not sawn parallel 
to the axis of a straight log) ^inclined grain' 
and 'slanting grains' (caused due to natural 
orientation in the growing tree). 

e) Holes - These are caused by insects, birds 
and mechanical injuries, and are classified in 
various specifications ' according to their 
diameters. 

In-bark — Identified as patches of bark 
embedded in the woofl partly or wholly. 

g) Knots - These are left over portions of 
branches, separated fipm the main stem. 
They are classified according to their condi- 
tion as live knots' (syil;i. inlergrown knots, 
tight knots, sound knots) and dead knots 
(syn. unsound knots or decayed knots). 
Loose knots, encased knots, pith knots 
and hollow knots are all self-explanatory. 
They are classified according to their size 

^ ai^ shape as circular, oral, spike, pin knots, 
small knots, and large knots which can also 
be recognized as their names imply. 

h) Reaction Wood- In conifers, this abnor- 
mality in wood is found on the underside of 
branches and leaning trunks and known 
as *compression wood'. It is characterized by 
heavily lignificd trachieds rounded and 
distributed along the growth rings. They 
arc denser and darker than surrounding 
tissues. In hardwoods this abnormal wood is 
found on the upper side of leaning trees and 
braiKhes^ and known as 'tension wood*. It 
is characterized by little or no lignification. 
The machine surfaces with such abnormalitv 



tend to be wooly. Converted timber contain- 
ing reaction wood develops distortions due 
to high longitudinal shrinkage and reduces 
strength considerably. 

j) Rot — See 'decay' above. The word *dry rot' 
is commonly used to indicate wood that is 
crumbly, and not as is erroneously consi- 
dered that it is grown on dry wood. [Patho- 
logists use this word to indicate action of 
some types of fungii such as Merculius 
lacrymans and similarly the word *wet rot' as 
due to action of some fungii like convophera 
cerehella. As these attack only the cellulose 
without affecting lignin, the left over portion 
appears as brown and hence they are gene- 
rally known as *brown rot'. Certain fungii 
like Polyporus hirsutus can eat away all 
components of cell wall, so that the left out 
portions appear whitish and so popularly 
termed as *white rot'. Study of action of 
different types of fungii, their identification 
and action on different species is a highly 
specialized subject of the pathologist, but for 
an engineer, particularly with reference to 
identify and evaluate the condition of the 
material by the nature of the attacked 
portion. 

k) Shakes and splits Shakes are seen only on 
the cross-section of the material as a partial 
or complete separation of wood tissues and 
are known as 'heart shakes' (extending in 
radial direction on the heart region of the 
cross-section) as 'cupshakes' (occuring 
between growth rings) and as 'starshakes' 
(emerging from the pith as a number of 
radial shakes and appearing as a star). 
'Splits' arc seen as separation of fibres both 
on the cross-section as well as on the longi- 
tudinal surface. 

m) Wane - This .appears as lack of wood 
material on cc^ges or surfaces and indicates 
presence of orkinal sapwood with or with- 
out bark. | 

n) Warp — Soniciimes also referred as 'distor- 
tion', this is a |eneral term for defects deve- 
loped in seaso^mg or drying such as 'bow' 
(face concave jpr convex along the grain), 
*cup' (face concave or convex across the 
grain), *spring' (curvature in the longitudinal 
plane) and 'twist' (spiral disloration along 
the grain). 

2,4.8 Some of the above defects can be 
appropriately measured and assessed [see 
IS: 3364 (Part 1 and 2)-l978] and their 
permissible limits form the subject of individual 
specifications. However in NBC, for the purpose 
of structural timbers, completely prohibited 
defects and permissible defects with limitation^ 
for different grades have been identified including 
permissible location of these defects. Loose grain, 
splits, compression wood in conifers, hcartwood 
rot, sap rot, and warps arc completely prohibitive 
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defects. Wanes, knots, worm holes, pin holes, 
other than those due to live power-post beetles, 
checks, shakes, slope of grain are permitted to 
specified limits, it will be useful for any person 
using timber to be familiar with various other 
types of defects, whether natural or caused by 
subsequent processing techniques, or external 
agencies like fungii and insects by reference to 
standard literature and relevant specifications. 

2.5 Grading Practices Standards and 
Preferred Sizes 

2.5.1 Grading a piece of timber for the 
required end use has been adopted in some form 
or other ever since timber was being utilized. 
Users of tool handles, builders of early structures, 
all knew mostly by trial and error methods, when 
and where to avoid defects like knots, splits and 
even sapwood, etc. Thus grading has come to 
mean as intelligent choice of timber for specific 
purposes. With the possibilities of improving the 
properties of timber and timber products, and 
with improvements in conversion and processing 
techniques, grading rules can and should be 
altered from time to time for rational utilization 
of timber keeping in view the primary factors of 
safety and also economy. At this stage it may be 
also kept in view that grading of timber, even by 
virtue of the terminolojgy employed, has a 
significant impact on timber trade and its 
economy in general; for example, what can be 
grade 1, II and III in terms of strength, if termed 
as *seiect grade*, *Grade V and 'Grade 11' has a 
different impact on the economy. Similarly if 
classification of the whole lot is made into two or 
three groups as against four or five, then again it 
has an impact on price structure commercially. 
Sometimes a defect which is not accepted for one 
purpose, may be preferable for some other 
purpose (for example, a piece with too much 
distorted grain unsuitable for structures, can be 
suitably cut and matched for giving a beautiful 
decorative appearance). Thus, grading of timber is 
a complex problem, and so several purchasers and 
sellers prepare their own grading specifications. 
Thus in spite of best efforts for unifying several 
grading specifications and paracticcs, the railway, 
the MES and the PWD still continue to have their 
own specifications, various forest departments in 
the country have their own grading specifications 
and there have also been some differences in 
methods of measurement of lengths of logs and 
converted timber, girths and diameters of logs, 
and also in the calculation of volumes and 
measurements of defects. Even in foreign 
countries the Lumber Manufacturing 
Associations, dealing with some specified species 
and recommending the same for specific end uses. 
have their own grading rules. In other countries 
where grading is practised on large scale, 
recognized inspecting or|5anizations have also 
come up which issue certificates of graxtiag and 
take upon themselves the responsibility for quality 
of the material. In the context of such varied 



considerations in grading, some attempts have 
been made in FAO grading rules, as also adopted 
in some IS specifications, to standardize methods 
of measurements and quantify the defects and 
evaluate their cumulative effects, which cannot be 
exactly predicted otherwise [IS . 3364 (Parts I 
and 2)-i976]. Such recent attempts on the part of 
technologists to bring a mathematical pattern for 
exactness, for a subject which otherwise is too 
arbitrary and complicated to avoid disputes, can 
be viewed only to serve as a general guide with 
wide limitations and tolerances. 

2.5.2 Systems of Grading— In India, at 
present there are several systems of grading as 
practised by various sellers and purchasers, and as 
also codified in various Indian Standards 
according to end uses of timber such as those 
intended for further conversion (IS : 190-1974 
and IS : 1326-1976), for cut sizes (IS : I33M97I 
and IS : 2377-1976), for teak squares (IS : 3731- 
1966), for measurements and calculation of 
volumes [IS : 2134^1981, IS : 3364 (Parts I and 
2)-1976 and IS : 2184-1973], for specific uses such 
as lorry bodies, aircraft, etc (IS : 2176-1979 and 
IS : 1329-1975), and for constructional timbers 
(IS : 3629-1966). AH these specifications can be 
broadly classifed as follows: 

a) Grade classification based purely and some- 
times arbitrarily on (I) dimensions and (2) 
general appearance. 

b) Grade classification based on the best 
ultimate use of logs or converted material. 

c) Grade classification based purely on defects 
and rough estimates of our turn of utiliz- 
able material. 

d) Grade classification based purely on evalua- 
tion of 'units of defects' and fixing the 
number of units permissible for a specified 
volume in each grade. 

In spite of a high degree of standardization as 
indicated above, and also attempts to unify and 
codify some of the common practices, the present 
status of grading technology cannot be said to 
have attained any perfect stage acceptable to all, 
and yet it is widely felt that some sort of grading 
is very necessary for the selection and payments to 
be made for the timbers. On a recent survey of 
demand and stocking position, the preferred sizes 
of converted timber, standardized (IS; 1331- 
1971) and codified in NBC are given in Table 3. 
However, IS ; 489M%8 gives preferred cut sizes 
and tolerances of structural timbers further 
divided for: (a) roof timbers, (b) roof purlins, 
rafter and floor beams, (c) partition framing, 
covering, and (d) centering- These are given in 
Tables 4 to 6. 

Preferred sizes for doors, windows, ventilator 
frames, etc, can be found in IS : l003(Part I)- 
1976, IS : 1003(Part 2)^1966. IS : 2l9UParts 1 
and 2)-1980. IS ; 2202(Parts 1 and 2)^1980 and 
IS : 402M976, 
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TABLE 3 STANDARD THICKNESS AND 

WIDTHS OF CUT TIMBER NORMALLY 

AVAILABLE IN MARKETS 

Thickness Width 

(cm) (cm) 

1.0 4, 5 and 6 to 12 in steps of 2 cm 

1.5 4, 5 and 6 to 18 in steps of 2 cm 

2.0 4, 5 and 6 to 24 in steps of 2 cm 

2.5 4. 5 and 6 to 30 in steps of 2 cm 

3.0 4, S and 6 to 14 in steps of 2 cm 

4,0 4, 5 and 6 to 30 in steps of 2 cm 

5.0 8. 5 and 6 to 30 in steps of 2 cm 

6.0 8 to 30 in steps of 2 cm 

^.0 8 to 30 in steps of 2 cm 

10.0 10 to 30 in steps of 2 cm 

12.0 12 to 30 in steps of 2 cm 

14.0 16 to 30 in steps of 2 cm 

16.0 16 to 30 in steps of 2 cm 

18.0 18 to 30 in steps of 2 cm 

20,0 20 only 

Under each cross-section, the Icnphs may vary from I metre 
and up, in steps of 5 cm. M\ dinKnssions arc given at a 
moisture content of 20 percent in accordance with ISO 
recommendations. 



Note — Many saw milU still cut timber according to the 
requirements of purchasers. The above if only a rough guide 
of availability from depots where cut sizes are stocked. 



2.5.3 Measurements and Evaluation -V^hWc 
it is not intended to describe here in detail all the 
methods of measurement, a brief mention of 
some, with particular reference to structural 
timbers, may be useful. Hence these are discussed 
below. 

2.5.3.1 Lengths of logs ~ Jo be measured 
by tapes in metres, rounded off to the nearest 
lower 5 cm. When the ends are not cut at right 
angles to the axis of log, the measurement should 
be made up to the point which will give a full flat 
cut. 

2.5.3.2 Girths and diameters ~~ In the case 
of standing trees calipers are employed for 
measurement of diameters, and tape for 
measurement of girth, usually at *breast-height\ 
that is, 1.5 metres from ground level. In the case 
of felled logs, girths are incurred by tape at mid 
length of the log. When diameters are measured, 
which is not common, it is done at the smaller 
end, usually by averaging the smallest and largest 
diameters at that end. 

2.5.3.3 Bark aliowances — All measure- 
ments arc usually done under bark, but where it 



TABLE 4 PREFEREDCUT SIZES OF STRUCTURAL TIMBERS FOR ROOF TRUSSES<FROM 3 TO 20 METRES) 
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TABtE 
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has to be measured over the bark, appropriate 
allowance is made for the same depending on the 
species. On the averge this is I/I6. 

2.5.3.4 Converted timber Lengths are 
measured by tape or .scale and rounded off to 
lowest 5 cm. Ihe width and thickness, measured 
at the narrowest places, are rounded off to the 
nearest centimetre or millimetre as per individual 
specification. The face of converted timber arc 
recognized as 'wide face' and ^narrow face' unless 
they arc of square cross-section. The 'edges\ 
particularly in planks, arc sometimes referred to 
'narrow faces' but the words 'edge of a face\ as in 
structural grading terminology, refers to 
intersection of two perpendicular faces, that is, 
'corner* of a face, 

2.5.3.5 Volume calculations Volume is 
generally obtained by reference to prepared tables 
[1S:2I34-198I and IS : 336 (Parts I and 2M976] 
based on quarter-girth formula for logs, that is, 
volume = (Va girth)^ X length. But in view of the 
present day developments in selvicultural 
practices and wood technology, the general trend 
is to calculate volume on the basis of "true 
volume* of log considered as a cylinder (Trr^h). 

2.5.3.6 Conversion of sizes to the required 
moisture content The nominal sizes prescribed 
in IS : 1331-1971 for stocking in depot are given 
at 20 percent moisture content as required in 
some international standards, but taking into 
consideration the shrinkage effects, the size 
obtainable at the required moisture content (that 
is, equilibrium with the atmospheric humidity) is 
given by Ihe formula: 



dm 



100 J 



where 



d'm "^ required dimension at the observed 
moisture content m'; and 

A' = a factor, representing shrinkage per 
unit moisture content on the basis of 
dimensions at the standard moisture 
content m. This depends upon fibre 
saturation point, normal shrinkage 
values as determined by standard 

f)rocedures which, in turn, is rou^h- 
y estimated as dependent on specific 
gravity p, by the formula A' = 0.41 p. 
But for ready use, K is recommended 
to be 0.2 for all species of specific 
gravity below 0.6 and A = 0.3 for 
species of specific gravity above 0.6. 
When the specific gravity is not 
known K can be equated to 0.25 as 
the nearest approximation. 

No^^ Where greater accuracy is required in individual 
species the exact ilgures of change m percent, per unit 
moisture content (even separately for radial and tangential 
directions, if so required) may be calculated from the tollowing 
formula: 

1 ^/-p /"20 



5p 



100 



Where 



dm - given dimension at the given standard 
moisture content, m; 



A' = the required change in percent per unit mois- 
ture content corresponding to the approximate 
value of 0.2 or 0.3; 

/= fibre-saturation point of the species in 

question; 

p = 12 percent or percent as the case may be 

corresponding to the shrinkage value taken 

(average of both may be taken, if necessary); 
and 

5p =c standard shrinkage value from green to dry 
(p*l2) or over-dry (p ^ 0) as calcula- 
ted by method given in IS : 1708-1969. 

The values of / and Sp may be obtained from the various 
publications of the Forest Research Institute and Colleges, 
Dehra Dun. 



14 



HANDBOOK ON TIMBER ENGINEERING 



SP:33(S&T)-1986 



2.5.3.7 Defects- Methods of measurement 
of defects have been standardized in 
!S : 3364(Part I and 2)-1976 and according to 
their sizes, shapes or numbers, etc, the 'units' are 
given, which represent approximate degrade of 
the utilizabie material. These defects arc discussed 
very briefly in the following clauses,. Vox 
identifying the defects see 2.4.7. All measure- 
ments of defects are made correct to I mm and 
the units are evaluated correct to second 
decimal place on the basis of lO-metre length of 
the material; For defects not covered in the 
following clauses, and which are suspected to 
cause degrade, ihey may be measured and 
evaluated as 'equivalent defects', guided by their 
appearance, size, location and distribution with 
reference to the whole piece and the purpose to 
which it is put. 

a) Check - Measured by length and width of 
maximum separation of fibre up to 2 mm. 
When such checks are numerous on any 
surface they are evaluated on the basis of 
average length and the effective area 
expressed as a percentage of whole area on 
which they appear. For affected areas from 
20 to 50 percent and for checks ranging in 
length from 5 to 50 cm, the defect units 
range from 0.01 to 1.60, Checks more than 
2 mm are generally evaluated as shakes. 

b) Decay or rot - T his is estimated as 
percentage of affected area to entire area of 
the surface. The units of defects for decay 
ranging from 1 to 50 percent varies from 
0.01 to 0.5. 

c) Flutes These are measured by iheir 
lengths on the longitudinal surtace of logs 
and depths at their maximum points which 
is sometimes expressed as percentage of the 
girth of the log. Defect units for lengths 
varying from 0.5 to 5 metres for different 
depths ranging frpm 5 to 25 cm, the units 
of defects vary from 0.04 to 1.66. 

d) //o/ev — Except pin holes, others are ex- 
pressed by their diameters. When in large 
numbers, they arc expressed as so many per 
100 cm- to limit their occurance in various 
grades. In terms of defect values for varying 
concentrations of holes from I to 5 per 100 
cm-, and for the diameter of the largest hole 
ranging from 5 to 10 mm, the defect values 
range from 0.01 to 0.90. 

e) Inbark - Measured and evaluated in the 
same way as knots. 

Knots- The maximum diameter of a knot 
is taken as its size though some practices 
exist in some places to take the average o< 
the maximum and the minimum, or the 
average of maximum and of the one per- 
pendicular to it at the pith centre of the 
knot. When a group of knots exist together, 
the mean of the maximum diameters of all 



knots at the area arc takeri. Tor number oi 
knots ranging from I to 15, and the average 
maximum diameter ot knot varying fiom 5 
to 20 cm, the defect values vary from 0.1 tt> 
4.50, for othei sizes and numbei propor- 
tionate values can be taken. Double values 
are taken lor unsound and decayed knots. 

g) Shake Txcept star shakes, all the t)ther 
shakes are measured by the length and 
maximum width of the opening. It is presu- 
med that the width is generalh pioporlio- 
nal to the depth also. Mov\ever. m NBC", ior 
structural grades, only the depth at its 
maximum point is recommended to be 
measured, f'or length o\ shake from 2 to 20 
cm and lor the width ranging from 2 to 2.5 
cm, (provided the area of cross-seetion does 
not exceed 0.5 m^), the defect values range 
from 0.06 to 1 74. Tor areas of cioss-section 
exceeding 0.5 m\ the values aie halved. 
In the case of star shake, the large shake is 
taken lor consideration and the defect values 
arc multiplied by half the numbei of shakes 
of the group. 

h) S/>Iits In the case of sphls which appear 
on two surfaces, the length on the longitu- 
dinal surface and depth on the perpendicular 
surface (that is, the end surtace m cross- 
section) are measured. For lengths ranging 
from 0.25 to 4 metres, and for depths irom 
1 to 4 cm, the defect values range from 0.06 
to 1.86. 

j) Cross ^rain I his is measured by the slope 
of the grain with reference to the edge of the 
major on which it appears. When piescnt on 
both the adjacent surfaces of a piece o{ 
timber the combined slope is given by 



A' 



+ 



ir 



where 



t; - combined slope, and 
j\ 

— arid—- = slopes on the adjacent 
A B ^ 

surfaces 

The slope ranging from 5^ to 50" are 
given defect values ranging from 0.2 to 1.00. 
In the case of spiral grain for logs, the same 
values as above are given. 

k) Distortion or warp This is identified by 
any deviation in converted timber frgm a 
true plane surface causing departure from 
its original planes. It includes bow. cup, 
spring, twist and any combination thereof. 

2.5.4 Guiding Principles Reference may be 
made to 18:6534-1971 for full details, special 
terminology, and code of ethics for inspection and 
reinspection. It should be kept in mind by all 
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concerned that all systems and procedures of 
grading discussed above are somewhat arbitrary, 
based only on available experience, brought on, 
as close as possible, to a technological pattern, 
and cannot be claimed to be of exact assessment 
of the quality of material. Thus, grading of a 
whole consignment becomes preferable to grading 
of individual pieces. In a lot. where most of the 
pieces fall in a particular . grade, any single 
individual piece having one of the defects slightly 
in excess of permissible limits for a particular 
grade may not necessarily qualify for the expected 
properties of the grade, as the location, 
distribution and combination of the defects play a 
major role. In this connection the discretion of the 
grader comes into play quite often. A small 
latitude of 5 percent is generally allowed for 
personal Judgement of the inspectors and graders 
who have to exercise a balance of consideration 
between the availability of the material, end use, 
urgency of requirement, and costs involved, etc. 
Experience and integrity of graders and inspectors 
will add to a great extent the acceptance of the 
material by all concerned. 

2.5.5 Stress Grading and Structural 
Grading -- These two terms arc often used 
synonimusly. However, sometimes a small 
difference is conceived; the former referring to a 
system by which the materials or species as a 
whole, are graded purely by consideration of the 
principal stresses that come into play, (that is, 
evaluating how the species, the sizes together with 
defects can bear the required stresses or what 
percentage of basic stress it can bear). The latter, 
that is, structural grading is a system by which the 
material graded is on the basis of evaluation of 
supposed effects of visible defects on general 
strength of the material, irrespective of what type 
of stresses are likely to arise when employed in the 
structure. Obviously the distinction is only narrow 
and theoretical in nature particularly' for visual 
selection. Stress grading machines are in vogue in 
other countries, but they have not yet been 
introduced in India even for research and 
development activities. Machine grading depends 
on the principle of relationship between stiffness 
and strength, and brings out not only cumulative 
effects of all visible defects, but also effects of any 
hidden features in structural members. 

2,5.5.1 1 he structural grading of Indian 
species is covered by IS : 3629*1965 and 
IS: 1629-1971. In India three grades are 
recognized. Vhe select grade contains defects 
which do not reduce strength by more than 12.5 
percent of fundamental, that is, ultimate stresses; 
the Grade I also known as ^standard grade' 
contains defects which reduce strength by more 
than 12.5 percent but not more than 25 percent 
and Grade II also known as 'common grade' 
contains defects which reduce strength by more 
than 25 percent but not more than 37.5 percent. 
The safe working stresses of selection grade are 
7/6 times those of standard grade (Grade I) and 



working stresses of common grade (Grade 11) and 
5/6 times those of standard grade. The 
pennissible sizes of some defects under the 
different grades as accepted in NBC arc given in 
Table 7. In addition to the above consideration 
for grading of structural timbers, the other criteria 
which limit the use of timbers are given below: 

a) Light timber having a weight less than 75 
percent of avergc weight indicated in col 12 
of Appendix H are rejected. 

b) Defects not permissible in any grade are 
loose grain, splits, reaction wood, decay, 
knot and holes with live infestation, 

c) Wanes are permitted provided they are not 
combined with knots and they do not 
adversely influence bearing areas and 
nailing edges, and general appearance, 

3. MECHANICAL AND PHYSICAL 
PROPERTIES OF INDIAN WOODS 

3.1 Methods of Test and Evaluation of 
Properties 

3.1.1 Accurate evaluation of basic properties 
of timber, which exhibits wide variations, is an 
important base for establishing design functions. 
For obtaining a confident average of a given 
species, the samples should be representative of 
different portions of a tree, different trees, 
different localities in India, and the tests should 
be conducted under highly standardized 
procedures to obtain maximum reliability and 
repeatability of the data. For this purposes, tests 
on timber are conducted: (a) in small clear 
specimen in accordance with IS : 1708-1969 and 
(b) on structural sizes in accordance with 
IS : 2408-1965. The former are conducted as a 
routine on all species in the green condition and 
in the dry condition. Greater emphasis is, 
however, given on the results of green condition 
as the results are more reliable, being free from 
influence of any drying stresses introduced in the 
timber. Also from the point of design, they are 
safer values because the strength properties in 
green timber are lower compared to strength of 
dry timber, though eventually the larger sections 
of timbers used in structures become dry and 
attain a moisture content in equilibrium with 
atmospheric humidity of the locality where they 
are placed. The standardized details of sizes of 
test specimens, rate of loading, surface on which 
load is applied, and the properties evaluated as 
routine are summarized in Appendix D but the 
exact procedures required to be essentialy 
followed are described in greater detail in 
IS : 1708-1969. A set of formulae employed to 
evaluate the properties obtained in different tests 
are also given in Appendix D for ready reference 
and convenience. The data obtained on the basis 
of the above procedures and formulae, when 
obtained in accordance with the sampling 
procedures prescribed in IS : 2455-1974, are 
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TABLE 7 PERMlSSlBllL DKFECTS FOR CIT SIZES OK TIMBER KOR STRUCTURAL USE 

{Ciause 2.5.5.1) 
All dimensions are in millimetres 
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— 



presented according to a system prescribed in the 
same standard. While most of the engineering 
laboratories are not always able to follow the 
above presented procedures for sampling and 
layout of the tests, and presentation oi data, the 
regular laboratories like Forest Research 



Institutes where systematic studies are carried out 
as a routine on all species, follow the above 
procedures, and the data presented by these 
organizations can be taken as most authentic. 
However, in or^nizations like most of the 
colleges, cnginecrmg laboratories, where they do 
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not or cannot follow the detailed testing 
procedures prescribed in IS : 2455-1974, for 
various reasons they do adopt the standard sizes 
and rates of loading, etc, which will give data on a 
limited base and can be considered suffi- 
cient for comparison with any acceptable limits 
of confidence and for further evaluation for pur- 
pose of local design considerations, if any. 

3.1 .2 The tests of structural sizes given in 3.1 .1 
are described in greater detail in IS : 2408-1963. 
ihe main object of testing in the larger sizes, 
according to the methods prescribed in this 
standard is to serve as a cross check on the design 
data wherever necessary and wherever such large 
si/cd material can be spared for such tests. They 
scr\c to check the established relations between 
the strength luncttons based on small clear 
specimens, and the permissible stresses in 
structuial timber. When such tests are done on a 
large number of timbers and data become 
available for study, they can also be used to 
develop and improve upon the grading rules for 
diflerent structural timbers and different strength 
groups. In a way they serve to determine the effect 
of deieets and other variables on the strength of 
limber in structural sizes and stud> all relevant 
factors ;is are necessarv ior specific structural 
designs. As described in'lS : 24()K-1%3. while the 
'major tests' are conducted on large-si/ed material 
lor bending, compression parallel to grain, and 
compression perpendicular to grain, the 'minor 
tests' are conducted according to IS : 1708-1969 
on delcet-frec small clear specimens cut from 
matched portit)ns of material intended for 'major 
tests' or from undamaged portions of material 
alreadv subjected to such 'major tests*. Ihe 



scheme of tests for major tests and formulae arc 
given in Appendix E. 

3.1.3 From the data thus obtained, the 
'woi king stresses', also known as 'permissible 
stresses' are derived. 1 hese are discussed in 3,3 
alongwith factors of safety, etc, and they are the 
stresses actually used in designs. 

3.1.4 The above strength data, called 
'suitability indices', are used for a quick and 
comparative assessment of timber species in a 
quantitative manner for various industrial and 
engineering purposes (scr als() 2.3.6 and lable 2), 
1 hese are based on basic strength data on 
physical and mechanical properties, evaluated on 
small clear specimen by selecting mechanical and 
physical properties, which play principal or 
auxiliary roles for particular end use, such as 
strength as a beam, suitability as a post, too! 
handles, agriculatural implements, etc. 1 he 
selected basic properties are given appropriate 
weigh tage according to relative important role 
they play. "I he variations in green and drv 
conditions are also taken into consideration. 1 he 
average value obtained by adding the computed 
and adjusted values of the concerned properties is 
usually compared with a similar \alue oi a well 
known species commonly used lor the purpose in 
view, usuall> with teak, which is widely used and 
well known m its hehavituir. It should be 
remembered that these suitabilits indices are not 
to be used ft)r design purposes but the\ serve only 
ior comparative selection oi diflerent species 
based on limited and arbitrar\ et^isiderations. A 
typical example oi deriving such indices is given 
in Appendix J. I he values for a lew selected 
species are given in Table S. I hese iiguies have 



TABIt: 8 COMPARATIVE SUITABIMTY INDICES IN TKRMS OF TEAK AS 100 FOR SOME IMPORTANT 
PROPERTIES (FIGURES ARE ADJUSTED TO NEAREST 5) 
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been in wide use in various forest departments 
and depots for comparative evaluation only. 

3.2 Factors Affecting Strength Properties 

3.2.1 Being a biological material, naturally the 
cell si/e. the thickness, and orientation ol wood 
cells have nccessarilv some iniluence on the 
strength properties and these depend on inherent 
hereditary characteristics and growth condition 
(such as soil, climate, locality and selvicultutai 
methods employed). It has not been possible to 
study these efiects in any systematic manner, but 
empirically some conclusions have been arrived 
that material ot the same species do n<^t have very 
significant difieiencc from conmiercial points ot 
view, and then densities would reflect the sciious 
differences, il any. It may be remembeied that in 
actual use. coUNidcrable factors of safety are 
employed on a statistical average. Factors like age 
of tree, position ot wood in the tree, season ol 
felling, natural or plantation giown wood, 
condition of the tree when felled (that is. whether 
dead o v green ov twisted or containing 
abnt)rmalities like st teaks, etc), alst^ come up 
often, but for engineering purposes, when 
material has to be selected Irom depots and yards 
it would not be possible to lay much importance 
to the above as these pertain to the quality of the 
tree in standing condition only. However, most of 
the laboratories engaged on systematic tests from 
selected trees in the forests, keep appropriate 
records ol the same I lie only criteria of giowing 
condition which can be judged at the lime of 
select u>n and use o\ timber for engineering 
purposes IS the rate of growth as reflected by the 
width ol tlie growth ijngs on the cross-section oi 
timbei pieces. In the same species, too wide rings 
or too nairow rings may indicate slightly lower 
strength than those with average growth. Presence 
oi distoittons or abnormalities in the wood 
structure as identified in growth rings may cause 
undue concentrations of stress at those places. 
However, keeping in mind that the width ot the 
ring ma\ also vary from bottom to top or trom 
pith to periphery, this should not be taken as too 
serious a criteria n lor strength pariicularlv' as 
compared to specific gravity. By and large studies 
on variation of stiength due to causes as discussed 
above have so far been oriented more to siudv 
variations in specific gravity which in turn reflects 
the strength. 

3.2.2 Specific gravity oi wood is the basic 
property which has considerable influence on the 
sliength properties, so much so in the event of 
non-availabilitv oi actual stiength data, the same 
can be computed by the formulae developed on 
the basis t)f studies on more than 150 species of 
India, and confirmed on quite a large number ot 
species subsequently tested. Ihe general iormula 
is given by: 

S = Kp' 



where 



S - 



strength, and 



standard specific gravity based on 
even-dry weight and volume at test 
(sec is": l70S-l9b9) 

K and n are constants of the particular property. 
The formulae with K and n values are given in 
Table 9. Similar formulae were obtained also for 
working stresses for standard grade oi timber 
under different locations. These are given in fable 
U), It may be seen from these formulae that in 
most of the properties n is unity, thus indicating a 
linear relationship. However, it may be noted that 
all properties do not vary with specific gravity in 
the same manner to expect the same 
proportionate increase or decrease as n, the 
power index for p in some of the properties, is not 
unity. No data is available in India for variation 
of strength with specific gravity within the range 
of any single species, but in USA a formula as 
given below is used. 






where 



Si— strength corresponding to pi, 

S~ strength corresponding to p , and 

q- on an average 1.7 (varying between 
1.25 and 2.25) tor various properties 

3.2.3 Moistuw (.'anient I his affects the 
strength ol wood ui dry condition In green 
condition, that is. well above the so called fibre 
saturation point (fsp) which is between 20 and 30 
percent \ox nn^st ol the species, the strength is not 
ailected and is the lowest obtained on the species. 
In the drv condition, the strength increases as the 
moisture content is icduced and is given by the 
1 01 mula * 



log A„ 



hn} 



where S,^ is i^e strength at moisture content /??, 
and a and ^:are constants for the species and 
properties in question. The formula is sometimes 
known as Madison formula, and although 
evolved for timbers in USA, the same has been 
fairly successfully used for Indian timbers also. By 
knowing strength at any two given moisture 
content, the values of a and h can be calculated 
and used for knowing strength at any other 
moisture content. Usually, by knowing strength vV 
of green timber, that is, S above the fibre 
saturation point, / moisture content (5 being 
constant at any moisture content in the green 
condition) and also by knowing strength in dry 
condition at any determined moisture content, the 
strength value at the required air-dry condition 
(12 percent) is computed for presentation of 
standard data; and for purposes of comparison of 
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TABLE 9 EFFECT OF 

Propfrty 

Static Bending 

Modulus of rupture 

Fibre stress at elastic limit 

Modulus of elasticity 

Impact bending 

Fibre stress at elastic limit 

Height of drop 

Modulus of elasticity 

Compression parablei to grain 

Compression stress as elastic limit 

Maximum Crubling stress 

Modulus of elasticity 

Compression perpendicular to grain 

Compression stress at elastic limit 

Compression stres at elastic limit 

Shear 

Radial 

Tangential 

Tension to grain 

Radial 

Tangential 

Hardness 

End 

Radial 

Tangential 



SPECIFIC GRAVITY ON ULTIMATE STRESSES 

iCiause 3.2-2) 



Unit 



Grsen 

Condition 



kg/cm^ U53p 

kg/cm^ 682p 

1000 kg/cm^ I65.9p 



kg/cm^ 


I665p 


cm 


163p'^^ 


1000 kg/cm^ 


236.9p 


kg/cm^ 


414p 


kg/ cm' 


579p 


1000 kg/cm^ 


185,8p 


kg/cm' 


176p'^* 


kg/ cm' 


I76p'" 


kg/cm' 


I35p 


kg/ cm' 


I51-2p 


kg/ cm' 


66.4p 


kg/cm^ 


82.3p 


Load in kg 


1232p>-^' 


(sundard 


1376p' 


steel ball 


niip'^' 



Air Dry 

Condition 



1495p 

t94.8p 

I853p 

I40p»" 

270p 

464p 
825p 
209.2p 

19Ip" 
191p'' 

16L7p 

175.8p 

53. Ip 
75.9p 

1490p'" 
I669p'" 
I524p' 



Strength properties o\ different species in the dry 
slate. As the constants are not the same for all 
properties and as it is sontelinnes cumbersome to 
quickly evaluate the influence of moisture, the 
change in strength properties for 1 percent 
decrease in moisture below the fibre saturation 
point is given in Table 1 1 for some important 
properties. 

No such data is available exclusively for Indian 
species but as the strength-moisture relationship 
employed in India is still the same as 'Madison 
formula' employed in the USA. It is believed that 
Table 1 1 roughly holds for Indian species also. 
However, in some of the literature from Forest 
Research Institute, Dehra Dun the formula 5X 
A/ = X has been confidently employed in close 
ranges, where S is the strengUi, M is the moisture 
content below fibre saturation point (fsp) and K is 
the constant for the species and the property. 

3.2,4 Defects — Defects have major influence 
on strength properties of timbers particularly 



when they are used for structural purposes, and 
hence the structural grading of timber depends 
largely on the nature and also location gf defects. 
These are discussed here briefly in so far as they 
effect the strength properties. Although it is not 
proposed to discuss here all the research 
developments in this field, it is useful to remember 
that all defects do not affect the strength to the 
same extent and that the same defect docs not 
reduce the strength to the same extent at all 
positions of a stressed member. It would also be 
not possible to evaluate quantitatively the exact 
cumulative effect of all defects on a structural 
member of a stressed member, though attempts 
have been made to define the defects and their 
cumulative role in terms of quantiutive figures^ 
called 'units of defects' assigned to them as in^ 
some grading rules of Food and Agriculture 
Organization (FAO) for Asia and Pacific region, 
and which, to some extent, have also been 
adopted in IS : 3364 (Parts I and 2)-l976. 
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TABLE 10 WORKING STRESS - SPECIKK GRAVITY REIATIONSHIP 



Sl Working Stress Condition 
No. 



Instdc 
Location 



SiRhss IN kg cm- 



Outside 
( ocaiion 



Wet 

Location 



i) Extreme fibre stress in beams for 
broad leaved trees (non-conifers) 

ii) Extreme fibre stress in beam for 
coniferous species 

iii) Shear along the grain 

iv) Horizontal shear in beam 

V) Maximum crushing stress along gram 

vi) Compressive stress across grain 



300^ 



250p 



200p 



185p 


i60p 


I30p 


26.5p 


2b^p 


26,5p 


I8.5p 


18 5p 


18,5p 


205p 


185p 


I50p 


nop'' 


85p' ^ 


70p" 



I ABIE n El KECT OF I PERCENT CHANGt 

IN MOISTIRE 

CONTENT I PON THE STRENGTH PROPERTIES 



Phoim r iy 



Static Bcnd»n)j 



Pi R( !N1 VCJ 



n) Libre sires*, at clastic limit 5 

b) MtxtuUis t)l rupture 4 

c) Modulus o( elasticity 2 

Impact Bendin>i 

a) hibre stress at elastic Itmit } 

b) Height of drop of hammer causing -'a 

complete failuie 

Compression Perallel to Gram 

a) Libre stress at elastic limit 5 

b) Maximum crushmg strength 6 

Compression Perpendicular to Grain 

'd) Libre stress at elastic limit 5'/> 

Maximum Shear Stress Parallel to Grain 3 

Maximum Tensile Stress Perpendicular to (Jrain t V- 

Hardness 

a) End grain 4 

b) Side grain 2'/; 

3.2.4.1 Grain angle ~ The strength in any 

direction (S$) making an angle d with the direction 



ol fibres (that is, grain) is given by the following 
formula popularly known as Hankinson fornHila* 



S^ - 



s, a;,. 



S^iS'mU) -f .S' ,cos^0 



where 



So ~ strength in the direction of grain, 
and 

S^o " strength in the direction perpendi- 
cular to grain. 

The nature of the equation indicates that the rate 
of reduction in strength is somewhat rapid up to 
about 30° to 40^ and thereafter the rate is 
comparativt^ly slow. However, taking into 
consideration the tolerance limits of permissible 
stresses, and; the various lengths commonly used 
as structural members, the following limits of 
ratios of slofce of grain for the diftercnt stresses 
are recommended in various text books: 

a) Compressive strength I in iO 

b) Modulus o\ elasticity I in 15 

c) Modulus of rupture I in 20 

d) Shock resistance 1 in 25 

But in NBC, for purposes of selecting the 
required grade of timber the following slopes have 
been permitted irrespective of stresscss concerned 
(see also 2.5.6 and Table 7). 



Grade I 
Grade 2 
Grade 3 



1 in 20 
I in 15 
1 in 12 
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Also a moditicalion iaclor is suggested for 
design purpose, for dilTcrcnt slopes of grain for 
beams Joists and tics, and also separately for posts 

and columns. 

3.2.4.2 Knof.s In view of the deviation of 
grain around a knot, not only the strength is 
aftected but stress coneenlralions may take place. 
Hence the position of knot in a structural member 
is equailv or even more important than the si/e, 
shape t)r soundness oi the knot. As timber is 
weaker in tension acro.ss the grain than in 
compression, the position of knot in a tension 
member or on the tension side in bending, affects 
the strength more than on compression side. 
Knots do not affect stiffness, and as such they are 
not considered seriously in long columns where 
stiifncss is the controlling factor as against short 
and intermediate columns where strength comes 
into more prominent play. In NBC the si/c and 
position of knots for different widths of the face 
are included, {we 2.5.6 and Table 7). 

3.2.4.3 Checks, shakes and sjyhts These 
primarily reduce the resistance to shear 
proportionate to the area of separation of fibres. 
However in prescribing permissible limits, and in 
conformity with the unusual methods of 
measuring such defects, one or more of the length, 
width and depth only are indicated. In NBC, the 
depth is prescribed for different widths of the 
faces on which they occur for different grades. 

3.2.4.4 Pith and boxed heart The 
presence of pith as such is not of considerable 
importance, if otherwise sound and not decayed. 
However, the almost certain existance of shakes, 
cheeks, etc, are to be considered on the basis of 
discussion in 3,2.4.3. 

3.2.4.5 Decay and sapsiain which can be 
identified as discussed in 2.4.7 (b) will affect the 
strength dcpetiding upon their condition and area 
attacked and nature of breakdown of wood cells, 
brashness or brittleness may appear even in the 
incipient stage. However, sapstain may not be so 
serious, unless shock-resistance or toughness of 
the stressed member is in picture. It is, however, 
imperative in all cases, that there should be no 
cause for increasing any form of fungal attack in 
actual use. NBC lists decay under prophibited 
defects for all structural timbers. 

3.2,5 Treatments - Very often doubts arise 
whether a particular type of preservative 
treatment or seasoning increases or decreases the 
strength of timber. Several investigations have 
revealed that there will be no variation in strength 
due to treatment as such, if properly done, but 
any changes caused due to the methods of 
treatment employed, such as changes in moisture 
content or destruction of wood cells due to any 
induced stresses, pressures and temperatures, may 
affect the strength accordingly. Sometimes 
pretrcatment operations, such as incising, 
steaming, etc, may affect the strength if not 
properly done. Similarly no difference in strength 



should be e.xpected between well kiln-<lried timber 
and properly air-dried timber of comparable 
moisture contents. 

3.2.6 Temperature - The ctfcct of temperture 
on strength properties of wood, particularly when 
used as structures, is not generally considered, 
except as a cause for combinstion under very high 
temperatures, or developing additional stresses 
due to moisture movement or developing cracks 
in the member. However, 1 a b i^ r a t o r y 
investigations have indicated some interesting 
results of academic nature and consequently of 
importance in standard testing. Most strength 
properties increase at temperatures above the 
room temperature and reduce below the room 
temperature more or less linearly though not very 
significantly in all cases. The increase or decrease 
depends upon specific gravity, moisture content 
and type of stress, and also on the duration for 
which the material remains at that temperature. 
Due to poor conductivity naturally the time factor 
for the entire member to attain uniform 
temperature is important. 

3.2.7 A^e of Wood - Sometimes there is an 
unfounded belief that wood stored for a long time 
may lose its strength. If well protected against 
destroying agents like fungii, insects, weathering, 
etc, old wood is as strong as fresh wood properly 
seasoned to equilibrium moisture content. Fven in 
service, properly designed, protected and 
maintained structures, there should be no loss in 
strength as borne out by numerous century old 
structures. It should however be kept in mind that 
wood, unlike other materials, creeps under 
ordinary temperature if the applied load is high, 
that is, above what is called Mimit-of-plastic-flow'., 
It is for this reason that appropriate factors are 
introduced for deriving working stresses {see 3.3) 
and also a suitable modification factor is further 
introduced in designs {see 5.1.3 and Table 17). 

3.2.8 Besides the above, there are other 
factors which affect the strength of wood and are 
of importance not so much at the time of 
consideration of the use of the material for 
structures, but at the time of evaluating the 
strength properties in the laboratories. It will be 
useful ior the designer to understand these as he 
will then be able to understand the background of 
the data he will be employing. These factors are 
given below and have been standardized 
(IS : 1708-1969) to obtain the safest and 
repcalable values apart from other considerations 
of economy. 

3.2.8.1 Rate of loading As wood 
elements are partly elastic and partly plastic, the 
mechanical behaviour of the material as a whole, 
that is, the full strength obtained as well as the 
neture of failure at ultimate stress depends very 
much on the rate at which load is applied on the 
test specimen, and there is a need for 
standardization of this factor for comparable 
results. With increase in the rate of loading, there 
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is generally an increase in strength properties. At 
impact loads, that is, sudden loads the strength is 
nearly twice than under slowly increasing loads. 
The following are the formulae used for the speed 
of moveable heads of machines: 

a) The load shall be applied continuously and 
with a uniform motion oi the movable head 
throughout the test so as to produce a rate 
of strain of O.OOl 5 cm per cm of outer fibre 
length per minute at the point ol maximum 
bending moment. I he required head speed 
shall be calculated horn the following 
formula in the case of simple beams: 



. = fx,3. 



4^) 



and for third point loading, this becomes: 

5 X 4 t^ 

where 

/V - head speed in cm per minute, 

Z - unit rate of stram of outer fibre 
in cm per cm per minute, 

a ~ distance from support to nearest 
load in cm. 

L ~ span in cm, and 

il ~ depth of the specimen in cm. 

b) The rate of loading shall be constant 
throughout the test and shall be determined 
by the following formula: 

N ^ 0.029 1 J'*^ 

where 

A^ — machine l^ead speed in cm per 
minute, ai$d 

il ~ depth of ipecimcn in cm. 

c) The rate of loading shall be constant 
throughout the test, and shall be calculated 
from the following formula: 

.V - 0.0015 /. 

where 

A^ ~ machine head speed in cm per 
minute, and 

L = length of specimen in cm. 

3.2,8,2 Direction of loadinf^ - A% wood is 
an orthotropic material, with presence of radial 
ray-elements in the structure, the direction of 
application of load with reference to principle axis 
of symmetry plays an important role, and hence it 
needs to be standardized. The strength in the 
direction of grain is always higher compared to 
strength across the grain. The strength in 
tangential direction or tangential plane is higher 



than in radial direction or radial plane. In ease ot 
static bending tests, the load is applied on the 
hcartside (IS ; 1708-1969) of tangential plane. 

3.2.8.3 Size and shape of a specimen 
Fiven defect-lree, clear specimens of wood have 
shown different strength values for different sizes 
of specimen and for different ratios of cross- 
sectional dimensions, to the length or span of the 
specimen. In bending, lowest figures arc obtained 
when the ratio of span-to-depth is between 10 and 
14. In compression perpendicular to grain, 
specimen in the shape of cubes have shown lower 
figure than specimens extending on either side of 
compression area. In specimens for compressions 
parallel to grain tests, the length should not he 
more than 4 limes the shortest cross-sectional 
dimension. 

3.2-8.4 Other factors, such as shape of 
notches in i/od tests, shear tests, tension tests, etc. 
have shown interesting results of academic value 
and so of standardization value in testing. 
Similarly methods of gripping and holding 
specimens in some tests, the accuracy of strain 
measuring devices, have also indicated variations 
in ultimate strength. Conditioning of the material 
to uniform moisture content throughout the 
specimen under test and throughout the test 
period is very essential. This becomes all the more 
necessary in long-term tests like fatigue and creep. 
In the end, as one cannot always predict the 
internal nature of the material before test, the 
final examination of the failure, whether it is 
appropriate with reference to the type of stress 
induced in the same, is very necessary to accept or 
reject the data for presentation. The type of 
failures that can be expected for the green and dry 
conditions of the material under different types of 
stresses are described in some of the text books 
dealing with timber mechanics. Schematic 
diagrams of some typical failures under bending, 
compression and shear arc given in F-ig. 3 and 4. 



3,3 Factors of $afety and Working Stresses 

3.3.1 1 he usi^l strength properties reported 
by many testing laboratories are based on tests on 
small clear specitfien under standard conditions. 
Naturally they h^ve to be suitably adjusted to 
meet the conditions that exist in the material and 
situations of actual use. For this reason the 
original data are divided by appropriate factors, 
known as 'factors of safety', and the resultant 
stresses are known as 'working stresses' or \safe 
working stresses' or 'permissible stresses' in timber 
engineering. These words are used more or less 
synonimously. At this stage it is necessary. 
however, to understand the various terms used in 
proper perspective as they are slightly different in 
different text books; 

a) The strength properties as obtained on small 
clear specimen are denoted as ^fundamental 
stresses' and sometimes as 'ultimate stresses'. 



HANDBOOK ON TIMBEK ENGINEERING 



23 



SP:33(S&T)-1986 




(a) SIMPLE TENSION (SIDE VIEW) 




(b) CROSS GRAIN TENSION (SIDE VIEW) 




(c) SPLINTERING TENSION (VIEW OF TENSION 
SURFACE) 




(d) BRASH TENSION (VIEW OF TENSION SURFACE) 




(e) COMPRESSION (SIDE VIEW) 




(f) HORIZONTAL SHEAR (SIDE VIEW) 



Fig. 3 Types of Failures in Bending 



b) Timber being a non-homogeneous biological 
product there would be considerable varia- 
tion in the properties of the same species. 
Keeping this in view, and also effects of 
accidental overloading and longtime load- 



ing, the above fundamental stresses ar« 
divided by a factor, commonly known as 
*factor of ignorance' and these values are 
known as 'basic stresses'. Thus these re- 
present 'working stresses' for ideal structural 
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CRUSHING 
(a) 





r 



SPLITING 



Y 






WEDGE SPLIT 



SHEARING 
(c) 



N 
/ 



n 



COMPRESSION AND 

SHEARING PARALLEL 

TO GRAIN 

(e) 



BROOMING OR END 

ROLLING 

(f) 



Fig. 4 Types of Failures in Compression 
Parallel to Grain 

component free from delects, that is, with- 
out taking grade or condition of use into 
consideration. 



c) Keeping in view, the influence of the grade 
with its accompanying defects, and condi- 
tion of use the above are again divided 
by suitable factors to obtain final ^working 
stresses' or ^permissible stresses' on which 
the designer normally starts his work. Thus, 
the total factor applied on 'Fundamental 
stresses' has come to be known as 'factor 
of safetv\ 



d) Applying further necessary correction fac- 
tors as may be required in a particular 
design for the si/e of members, for in- 
clination of applied loads, for changes in 
duration of loading, etc, 'design stresses' 
are obtained. 

In NBC and IS ; 883-1970 both the terms 
'ultimate stresses' and 'basic stress' have been used 
as s^nontmous, and working stress has been used 
for the design stress and no definition has been 
given for the*permissible stress'. Even though it 
has been used in the text the dcrivatu^n ot various 
stresses inciieated above can be belter understood 
diagrammaticallv as below: 



Fundamental Stresses (Ultimate Stresses) 

(Derived fiom small-clear specimen on 

statistical consideration) 

-< 



Divided by total 
factor of safety 

f/1 1 i 1 ^M 



Divided by factor of ignorance Fa Fa{~, — , — I 



-> 



BASIC STRFSSFS 
Divided by factor of grade and locations Fb Fbl-r,"-) 



SAFF WORKING STRFSSFS 

{or simply 'working stresses' of 

permissible stresses as reported 

in IS : 883-I970) 

i 

DIVIDE BY SPECIFIC DESIGN FACTORS F, 



i 



•(f'") 



DESIGN STRESSES 



where 



/i — factor due to inherent variability 
in the species, 

fi - actor due to long time, loading; 

/; == factor due to accidental loading; 



/5 



factor for grade of the material; 
factor for location of use; and 



fb - factors for specific design, such as 
form factor, etc. 
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3.3.2 It will be aselul lo unclersland the 
derivation of tin- above laciors. But here it will be 
discussed briet'ly to make the reader understand 
the general methodology and conecpts involved. 
It is known that the fundamental siresbcs all o\er 
the world, as explained earlier, are obtained from 
the test data ol small clear specimen taken out of 
five lo ten logs from each oI the difTerent localities 
where the species is grown. I he tests arc 
conducted and the average results are presented 
under a highlv standardized procedure. From the 
study ol variability, the standard deviation, and 
norma 111 V assumption oi some species, 
particularly teak, a factor /i ~ 0.72 has been used 
lo multiply the average modulus of rupture to get 
95 percent confidence lower limit. Several other 
correction factors have been used for groups of 
species, or specific species, in other countries and 
attempts were made lo obtain ^9 percent 
confidence limits also. I hese statistical aspects are 
discussed in 3.4. 

3.3.3 As it is well known that under long time 
loading, wood exhibits creep depending on the 
applied stress, a factor /i - 0.6 had been taken 
based on earlier experiences in USA. However, 
some recent experiments at the Forest Research 
Institute. Dehra Dun. have indicated that a load 
equivalent to about 45 percent or below of the 
load at elastic limit (which itsell is generally 60 
percent of modulus of rupture) docs not cause 
failure due to creep even for long periods. '! his 
can reduce this factor to 0.3 (0.45 X 0.6 ^ 0.3). 
but no changes have yet been introduced as the 
final factors of safety are on the safer side and 
they are in use for a long time. In USA 
appropriate factors are specifically u.sed for 
different duratmn of load, as also adopted in 
NBC {see Table 12). 



tabu: U MODIHCATION KACTOR K. VOR C HANCE 


I^ miRATiON 


Oh 


LOADlN(; 


Dt RA7K)N Ol KOAOiNU 




M()i)inr\ri()\ 


Coniinuous 




1.0 


l>vo months 




1 15 


Seven duys 




1.25 


Wind ;ind earthquake 




1.33 


Inj^iantuncous or impact 




2.()<) 



3.3.4 As there is always a po.ssibility of 
accidental over-loading a structure, inspite of all 
precautions, a factor of A - 0.6 has been taken in 
earlier days based on the then experiences in other 
countries. In this connection it may be known 
that several recent investigations have revealed 
that ratio of fibre stress at elastic limit under 
dynamic condition to that under static condition 
is nearly 2.5, and that of dynamic modulus of 
elasticity to static modulus of elasticity is K5. 
Timber is well known for its capacity to show 
nearly double the strength under dynamic loads 
compared with that under static loads. Thus, 
there is hardly any justification for reducing 



fundamental stresses for sudden temporary over- 
loading which can never be twice the original 
static load; but as the over-loading, may also 
occur sometimes for long durations, this factor is 
necessary to be introduced for deriving the 
working stresses. 

3.3.5 Taking the above three factors into 
consideration the factor-of-ignorancc, presently 

used in this country works out lo be 



1 



1 



^0.72 0.6 



0.6/ 



3.86. 



This is slightly higher than the factor used in 
other countries (3.37 in USA). Comparable 
'basic stresses* between timbers of this country 
and other countries can be obtained only by 
dividing the fundamental stresses by the Tactor- 
of-ignorance' adopted in the respective countries. 

3.3.6 In India, 3 grades of structural timbers 
are recognized on the basis ot possible infiuence 
of defects on them. It is estimated that defects do 
not reduce the strength in Grade 1 by more than 
12.5 percent, in Grade 2 by more than 25 percent 
and in Grade 3 by more than 37.5 percent 
(IS : 3629-1966). Accordingly factors of 0.S75, 
0,75, and 0.625 have been used for f^ for 
respective grades. In Western countries the factor 
applied for the grade is sometimes known as 
'strength-ratio' (ASrM-n.245) and these stresses 
are sometimes referred to as grade stresses. Thus 
the strength ratio denotes the ratio between basic 
stress and grade stress for a particular grade of 
limber. It is interesting to note that in this ratio 
there is an assumption that the factors 
l//i> I/./2. *//i leading to derivation of 
basic stresses have the same extent ot influence in 
alt grades. The present practices in other countries 
are that there are different grades for dilierent 
species, and different end uses. Many trade 
associations dealing with particular species have 
put out different grades and also give out 
corresponding grade stresses. In India too with 
the changing economic pattern by using several 
secondary species, a need may arise for 
reconsideration of structural grades. In fact, in a 
seminar held in Dehra Dun (1976) for architects, 
builders and engineers dealing with timber 
structures, a suggestion was made to introduce a 
fourth grade consisting of some strong timbers 
which are generally and properly understood to 
be 'non-durable' and 'non-treatable\ and which 
can be safely employed for temporary 
construction and service purposes. This 
suggestions is also included in IS : 3629-1966 for 
Class 3 durability and Class c treatibility. 

3.3.7 As timber structures are likely to be 
located in different places ranging from extremely 
dry to extremely humid and wet situations, 
suitable factors for location of use are required to 
be considered for deriving safe working stresses. 
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By a series of observations at the Forest Research 
Institute, factors 1.0, 5/6 and 2/3 are used for fs 
for * inside', *outside' and *wet' locations 
respectively; that is, for locations where timber 
will remain completely dry and protected like in 
the inside of a building, or subjected to alternate 
wetting and drying, or will remain more or less 
continuously in damp and wet conditions like 
being in touch with ground, in dockyards, in 
shores, etc. In Australia these factors are slightly 
different but in most other countries, this factor is 
not specifically considered but seems to be 
implied in the grade stress for different species 
which prescribe specific end uses under different 
circumstances. 

3.3.8 In consideration of all the above, the 
present factor-of-safeiy applied to modulus of 
rupture as obtained in laboratory, works out like 
5 (reciprocal of 0.259 X 0.75 X 1,0 = 0.19 ^ 0.2) 
for inside locations, for grade 2, Similarly, factors 
of safety for other properties arc also derived for 
the three locations for Grade 2, and given in 
Table 13. While these factors as such are applied 
directly to the fundamental stresses in case of 
bending, compression parallel to grain, and 
compression perpendicular to grain, it is not so in 
the case of shear. The fundamental shear values 
are increased by 10 percent and then divided by 
the respective factors indicated in Table 13, 
because the shear tests on small clear specimens 
are usually done on a comer notched specimen 
which gives a lower value. The shear strength in 
specimens without a notch is usually 5 to 15 
percent (average 10 perceint) higher than that in 
notched specimen for different species. It may be 
further noted that the factor of safety for shear 
values for all the different locations are retained 
sanK, as maximum shear occurs in neutral planes 
which is not so seriously affected as extreme fibres 
exposed under different locations, 

3.3.9 From the abX)ve discussion and 
considerable amount "of recent research 
publication, it seems . there is sufficient 



justification for considering revision ot factors of 
safety, and revision of working stresses for the 
different species or groups of species, particularly 
keeping in view: (a) the incoming of large number 
of secondary species for actual construction, (b) 
the technological developments in protection of 
Indian species which are much stronger than the 
species in other countries used under similar 
conditions, (c) the possibility oi developing 
laminated structural elements by combination of 
inferier and superior species, (d) the utmost 
needed economy in timber utilization in India 
owing to serious depletion of forests, shortage of 
constructional timbers, and (e) improvements in 
economical designs of timber constructions. 

3.4 Reliability of Data and Confidence 
Limits 

3.4.1 When designing any structure on the 
basis of published data, it would be necessary for 
the engineer to know the origin and reliability of 
the data. Particularly in wood, which exhibits 
wide variation in strength on account of different 
factors, the strength data will be relevant and can 
command the required confidence only when such 
data is associated with a measure of variability 
which has now become possible owing to high 
degree of standardization in testing and 
evaluation. For reasons of economy and non- 
availability of full facilities, it may not always be 
possible for all laboratories to follow strictly all 
the relevant clauses of published standards, and in 
all such cases the data should be accompanied by 
comparison of standard data and relevant 
statistical discussions. These aspects are discussed 
below. 

3.4.2 The first step for evaluation of 
properties of any material is the standard method 
employed for selection of the material. Different 
countries have adopted slightly different 
procedures for the same. Some countries which 
have their own timber resources have proceeded 
from selection of logs themselves of the required 



TABLE 13 FACTORS Of SAFETY APPLIED TO FUNDAMENTAL STRESSES TO DERIVE SAFE 

WORKING STRESSES 



Sl 

No. 



[Clause 3.3.8) 
StrknciTH Prophrtv Working Stress 



i) Extreme fibre stress in beams for non-coniferous species 

ii) Extreme fibre stress in beams for coniferous species 

iii) SKear along the grain 

iv) Horizontal shear in beams 

v) Maximum compressive stress parallel to grain 

vt) Compressive stress perpendicular to grain 

vii) Modulus of elasticity 





Standard Grade 




Inside 


Outside 


Wet 


(3) 


v4) 


(5) 


5 


6 


7.5 


6 


7 


8.5 


7 


7 


7 


10 


10 


to 


4 


4,5 


5.5 


1.75 


2.25 


2.75 


1.25 


L75 


2.0 
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species from different forest zones of their own 
country. Sonic countries, particularly timber 
importing countries, choose their testing sticks 
from convened material from depots. In India, 
based on long experience and also recent work 
developed at ISO level, the standard selection of 
the trees and logs for timber testing is governed 
by IS : 2455-1974 which lays down rules not only 
for selection of 10 model trees for marking, 
felling, and conversion of the same into suitable 
logs for iheir despatch to the testing authority 
with relevant documents but also for receipt and 
proper storage of the logs by testing authority, for 
marking and conversion of logs into sticks, and 
for storage of such sticks until tested. Rules have 
also been prescribed for the order of routine tests 
to be conducted for selection of test specimen 
Irom dillerent matched slicks in green and dry 
condition. A schedule has also been prescribed for 
allotment of material from different bolts for 
different tests depending upon the relative 
importance of tests and the variation of the 
properties in question. Another standard 
IS ; 8720-1978 covers sampling of scantlings from 
depots and their conversion for timber testing. It 
may be observed from the standards that the 
actual test specimens are comparatively small in 
si/e as compared to the bulk material and so 
representative portions of the bulk material arc 
chosen for different tests. In selecting the bulk 
material itself methods of random sampling as 
recommended in IS : 4905-l%8 are followed and 
all precautions are taken for establishing the 
absolute identity of the species. It is only under 
such detailed standardization procedures, the 
results of different species become well 
comparable. 

3.4.3 I he test specimen are then prepared and 
tested according to IS : 1708-1969 as already 
described under 3.1. Where structural si?es are 
required. IS : 2408-1963 is followed. However, the 
presentation of data of physical and mechanical 
properties is in accordance with IS : 8745-1978 
which prescribes details regarding taking 
averages, a .scheme to round off the data under 
different tests, and recording all relevant 
information of the data which will help to assess 
reliability of the data. 

3.4.3.1 In the presentation of data, the 
average of all sticks in a bolt (known as 'tree 
average', if from logs) or in a scantling (known as 
'scantling average', if from converted timber in a 
depot) are first evaluated. Then the average of 
such averages arc reported as species averages of a 
given locality. Sometimes when the same species 
is tested from different localities and there is no 
significant difference in the average figures, the 
averages of localities arc averaged to get an 'all- 
India' average of the same species. 

3.4.3.2 The tree average in dry conditions 
(or scantling average as the case may be) is 
adjusted to 12 percent moisture content by the 
formula: 



m 



or 



/-12 ^ l og 5i2 — log 5 g 
/ - rf log Sd - log Sg 



where 

Sn = strength required at 12 percent 
moisture content, 

Sti = strength observed at d percent mois- 
ture content below the fsp, 

/ - fibre saturation point (fsp.), 

5g = strength in green condition, and 

d = observed moisture content in dry 
condition. 

If the fibre saturation point is not available then 
the formula employed is: 



(f ) = (t) 



provided the difference between 12 and d is not 
greater than 5, 

3.4.33 When data in different conditions 
(say, green and dry condition) is required to be 
compared, care is taken to see that the data 
corresponds to equal numbers of matched 
samples in each condition. Otherwise the data is 
adjusted by giving due weightage to the number 
of samples tested and by evaluating the average 
ratio of the values in the condition from known 
matched materials explained below : 

If (a) Species average of 5 bolts in green condi- 
tion - K\ and 

(b) Tree average of five individual bolts in the 
green condition are given by Si, 5:. S3, ^4, 
and ^5, and only values of 3 matched 
bolts in dry condition arc known as S'u 
S*2 and S*i then, the species average A^', in 
the dry condition for all five bolts is given 
by: 

1 ^ V 



3.4.3.4 Among the important characteristics 
and properties generally reported the following 
also are reported so that ideas can be developed 
on variability of the strength in green and dry 
conditions of the species and their reliability for 
comparison can be judged. 

a) An 'improvement factor' which is the 
average percentage of improvement of 
strength values from green to dry condition 
(at 12 percent); 

b) E>etails of area of growth, rate of growth 
and dimensions of bulk material (logs or 
scantlings); 
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c) Number of trees, logs, or scantlings, and 
number of specimens for individual tests as 
the case may be; and 

d) Measure of variability is described in Table 
4 of IS : 3745-1978, In ferief these include, as 
necessary, the range of observations (that is, 
maximum and minimum values of all 
observations in a test); the standard devia- 
ation a or co-officient of variation a/ J to be 
calculated according to number of logs or 
scantlings and number of localities chosen, 
etc. For calculating o and jc, see 3.4.5.1. 

3.4,4 As stated in 3.4.3.4. in India, greatest 
reliability has been placed on average values, that 
is, arithmatic mean of different values as obtained 
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from standard test data of representative 
specimen. However, in deriving working stresses, 
as already explained in 3.3, the values of standard 
deviation of teak (representing the average oi ail 
wood species) is taken into consideration for 
working the various factors of (ignorance) safety 
Recently it has been established that variation 
between trees is more than variation within a tixc 
Coefficients of variation for different properties oi 
timber based on average values for 50 green 
consignments of species, each based on live trees 
from a locality, are given in Table 14. Krom this a 
is apparent that with an average coefficient of 
variation of 11.5 for the different properties, the 
data that was being collected previously on the 
basis of 5 trees is fairly justifiable and the present 
standard prescribing 10 trees is amply justified. 



TABLE 14 COEFFICIENT OF VARIATION FOR DIFFERENT PROPERTIES OF TIMBER 



Pkopekty 



(I) 

Specific gravity (vol. green) 
Specific gravity (vol. oven dry) 

Shrinkage 

Radial 

Tangential 

Volumetric 

Static Bending 

'Fibre stress at elastic limit 
Modulus of rupture 
Modulus of elasticity 
Work to elastic limit 
Work to maximum load 
Total work 

Imped Bending 

Fibre stress at clastic limit 

Maximum height of drop pi hammer for complete flaiture 

Modulus of elasticity 

Work to elastic limit 

Brittlcness (izod) 

Compression Parallel to Gmin 

Fibre stress at elastic limh 
Maximum crushing 
Modulus of elasticity 

Compression Perpendicular to Grain 

?\hxt stress elastic limit 

Hardness 

Radial 

Tangential 

End 

Shear 

RadUt 
Tangential 

Tension Perpendicular to Grain 

Radial 
Tangential 

Fibre Saturation Point (Y„) 
Average 



Cofc>Ticifc'NT OF Variation 



Average 

(2) 

5.2 
6.0 



12.0 
9.2 
8.0 



10.4 
7.8 
10.5 
16.6 
16.0 
18.7 



8.7 
12.0 
12.3 

9.4 
19.0 



12.9 
9.4 
12.3 



14.4 



Minimum 

(3) 

0.6 
1.5 



2.6 

3.7 
2,6 



3.6 
3.0 

2.7 
3.9 
5.8 
4.5 



3.3 
2.9 
3.3 
2,4 
4.3 



4.2 

2.4 
2.3 



5.4 



Maximum ' 

(4) 

12.7 
11.9 



26.3 

22.5 
21 2 



27.5 
22.7 
31.8 
42.6 
29.4 
71.7 



23.2 
32.0 
33.4 
18.6 
38 2 



37.9 
22.9 
31 5 



31.8 



12.3 
11.6 
10.7 


3.1 

4.5 
3,4 


24 5 
29.5 

23.7 


10.6 
10.4 


3.3 
i.8 


21.1 
20.2 


17.0 
15.8 


2.9 
5.5 


44.4 
35.1 


4.0 


1.1 


9.0 


11.5 


3.2 


28.7 
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3.4,5 The practices for reliability of data in 
other countries are slightly different and vary 
according to a required level of probability. They 
are briefly discussed below. 

3,4.5.1 In UK and some other countries the 
basic stresses (that is, the stress which can be 
safely and permanently sustained by timber 
containing no strength reducing features) are 
derived from tests on small clear specimen as 
discussed in 3.3. Kb). In deriving these stres.ses, a 
histogram or normality curve (Gaussian 
distribution curve) of all values obtained from a 
large number of specimen, is first drawn, l^he 
standard deviation is then evaluated by the 
formula: 



n/ 



Kx - xY 



where 



a ~ standard deviation, 

.V " individual test result, 

7~ average of all test results (mean), and 

n = number of specimens tested. 

From this the basic stress is derived by the 
formula: 



/h 



R 



where 

/b = basic stress, 

/m - mean value of the stress as determined 
under tests (3F), 

R = reduction factor which is a factor allowed 
for small variations in moisture content, 
duration of test loading, size and shape of 
specimen and so naturally varies according 
to the nature of stress (/? = 2.25 for bend- 
ing, tension and shear; 1.4 for compression 
parallel to grain; and 1.2 for compression 
perpendicular to grain), and 

P= probability coefficient (1.96 for 1 in 40; 
2.0 for 1 in 44 and 2.33 for 1 in 100 which 
indicate the probable values falling below 
the level). 

For bending, shear, tension and compression 
parallel to grain, the lower 1 percent exclusion 
limit of probability level is considered by taking P 
as 2.33. For compression perpendicular to grain 
lower than i in 40 probability level is considered 
by taking the value of l,%. 

3.4,5.2 While in India sometimes a factor of 
safety is apphed to modulus of elasticity (see 
3-3.8) no such factor is applied in UK and some 
other countries for calculation of deflection. 
Hence there is no such property as basic stress 
discussed above for the modulus of elasticity. 
However, design considerations in tho.sc countries 
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lead to the use of a mean value £m and also a 
statistical minimum values E^ depending on 
whether one or more members act, to share the 
load. Taking I in 100 probability level, when one 
member acts alone, the above minimum value 
£n = £1 and this is usually recorded in standard 
data, and design codes of these countries. Thus 

£1 = £m " 2.33a 

where o is the standard deviation. When more 
than one member takes the load, it is considered 
reasonable to design using increased minimum 
value, and the formula below is used to obtain the 
statistical minimum value: 

£n " £m "" 2,33aN 

where oh is standard dcivation for multiple pieces 
in each component and is equal to 

ol\fN where 

A^ represents the number of pieces sharing the 
load. 

Hence, £n = £m " 2.33 olyJ~N 

When TV = 1 in the above equation, £n becomes 
equal to £1 which is the recorded modulus of 
elasticity in standard data. As N increases, £n 
approaches £m and so the design codes of these 
countries permit the use of £m when four or more 
members act together to support a common load. 
From the above discussion it can be seen that: 



o — 



£1 



2,33 



or Eh = £m - 



£1 



^fN 



Similarly 



£^ ^ £m"2.33 ol^fN 
E\ £tn ~ 2.33 



On the same principle, the other stresses are also 
computed sometimes for improving the design 
considerations, that is, if/ stands for the relevant 
stress, and using the same notation as above 

/i /n. - 2.33 a 

4, TIMBER PROCESSING TECHNIQUES 

4,1 Introduction — As discussed earlier, ail 
timber is initially obtained from trees in forests 
and other areas, and before it is actually put into 
final use, there are several processes it has to 
undergo. The engineer should be familiar with 
these so as to understand not only the problems 
and costs involved in such processes but also to 
assess the adequacy and quality of the processing, 
so that the material that is being used is safe for 
structural purposes. There have been quite a 
number of instances in this country when well 
designed wood structures have given way because 
of inadequacy of processing required before final 
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use. Wcnct: biicl" mention is made here of various 
processes involved for converting wood from log 
form to its ultimately utili/able form, bringing out 
more prominently the aspects where some Indian 
Standards are available. It is not the intention to 
describe in very detail either the types of 
equipment and their maintenance or the methods 
and principles of processing techniques, or the 
details of layouts, costs, storage and movement 
operations under different processes. For these, 
adequate books and other literature are available, 
and some of these have been referred in Appendix 
B. An understanding of the above is required for 
regular processing engineers and technicians. But 
from the point of view of a constructional 
engineer, it would be sufficient to know the 
general outlines involved in various processes. 

4.2 Log Storage and C onversion 

4.2.1 When logs are harvested and transported 
usually proper precautions are taken to prevent 
any splits and decay. But before they are 
converted into beams, planks and scantlings, they 
require to be stored properly to avoid end drying 
and splitting. Such rapid end drying may result in 
considerable wastage of the material. One of the 
best methods of storing the logs is to debark them 
and keep them completely immersed under water 
for which most of the saw mills either construct 
special log ponds as necessary, or use nearby 
natural ponds, if any. in these ponds it would be 
often necessary to remove the contamination and 
keep the water clean to be free from bacteria and 
fungus. In the specially built ponds arrangements 
are generally made for frequent change of water. 
Where the facilities of log ponds are not available, 
the debarked logs are also stored on concrete 
floors under water sprays which can be either 
continuous or intermittant and recycled for 
economy. In the absence of water*spray facilities, 
logs are required to be stacked on raised 
platforms under shadcn The bark is usually 
removed except in cases Tjt'here the species is prone 
to heavy surface cracking. A suitable prophtlactic 
treatment, as recommended in IS : 401-1982, 
should be given to the logs in stacks. In IS : 1 141- 
1973, some end-coating compositions have been 
recommended which can also be adopted for logs 
stored in open yards depending on local 
circumstances. Out of the many end coatings tried 
at the FRl, the paraffin and its emulsion, bitumen 
solution and asbestos powder, bitumen solution 
coating followed by aluminium paint, bitumen 
solution and red lead, were rated high in 
effectiveness. 

4.2.2 In further conversion of logs to smaller 
sections, most of the mills have two distinct 
operations: (a) log breaking, and (b) resawing. 
The former is carried on heavy type machinery 
■which can take the bulky logs. The logs are first 
cross cut to the required lengths, and then the 
edges (or slabs) are removed in band mills, or big 
circular saws or sometimes even by hand sawing 
where no facilities of machines are available. Then 
the required sizes of ^beams' and *planks\ arc 
obuined by further cutting on the same or similar 
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machines. Depending on the space and quantity 
of production in the mill, there are a variety of 
machines to choose for 'breaking' the logs, that is, 
converting the logs vertically along the grain. 
Under this operation, usually section of 15 cm 
and above, sides or planks not less than 2 cm 
thick, and of width covering the full section of the 
log are taken out. After completing the log 
breaking operations, the material is ^reconverted' 
(also known as 're-sawn') by means o\ several 
types of 're-sawing' machines which are smaller 
band-saws of about 5 cm width or smaller circular 
saws of about 45 cm diameter (also known as 
ripping saws). Ihis operation is also known as 
*edging'. The material is then cross cut again (also 
known as trimming) to the required length sizes. 
Where machines are not available resawing is 
done by hands in various ways. In this connection 
a reference may be made to IS ; 4423-i%7. All 
the wastage, like off-cuts, saw-dust, trimmings, 
etc, are transported towards one end, and all the 
finally converted material is transported to the 
other end for inspection and grading. One of the 
important objectives of saw mill and conversion 
operation is not only to avoid wastage and obtain 
the required si/c of the material but also plan 
operations in such a way that objectionable 
defects in timber are carefully removed and 
improve the grade of the turned out material, and 
thus obtain better value for the converted 
material. Tor this, not only the machine precision 
and skills must be high but also the operational 
discretions must be carefully used. The standard 
preferred cut si/es of structural timber are 
discussed in 2.5.2. 

4.2,3 Alter the mill operations and grading, 
the material is either sent to seasoning kilns or 
air-drying sheds for reducing the moisture 
content. Then it is sent to preservation plants for 
necessary treatment, if any, in case it is to be used 
as such. Otherwise, it is first sent to wood 
workshops for other wood working operations, 
such as planning, tongue and grooving, 
tcnnoning, mortising, and boring before applying 
preservative ttcivtmcnts. Where production is not 
high, these operations are also done by hand 
tools. ■ 

4.3 Timber SejiHontng 

4,3.1 Seasoning essentially means removal of 
excess moisture from wood and bringing it to the 
level of equilibrium with the humidity in the 
atmosphere in which wood is to be used. IS : 287- 
1973 prescribes different permissible moisture 
content for different /ones of India for different 
end uses of wood. Quite often construction 
engineers have been found to confuse seasoning as 
a process which would render some unknown 
improved qualities to the material such as 
durability or strength. This is quite erroneous. In 
the removal of excess moisture from wood, 
seasoning no doubt helps to reduce otherwise 
considerable losses of wood due to surface 
cracking and spliting. The strength of wood no 
doubt depends on moisture content {see 3,2,3). In 
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the several techniques employed in seasoning, the 
comparative aim is to remove the excess moisture 
in the shortest time possible and with the least 
amount of degrade so that the technique 
employed is as cheap as possible, and as 
convenient as possible, to to local circumjitances. 
During the removal of excess moisture, wood 
shrinks, and if shrinkage is not uniform and not 
appropriately controlled, differential stresses may 
be set in the material causing sometimes splitting, 
warping and degrade in the stock of timber. The 
rate of drying of wood, and consequently the 
shrinkage is governed by interaction of three 
external conditions surrounding the material. 
They are: (a) temperature which will start drying 
the wood from the surface, (b) circulation of air, 
which will carry away the moisture evaporated 
from the surface of wood, and (c) relative 
humidity which will control the rate of outward 
diffusion of moisture from the interior of the 
wood to its surface. These factors naturally 
depend on the species of wood in question and 
how refractory they are to seasoning (see 2.3.10). 
The important techniques, of seasoning relevant 
to structural timbers and their limitation are 
briefly described in the paragraphs which follow. 
For greater details on operation controls, details 
of kiln design, etc, reference should be made to 
the numerous text books and other literature on 
Indian woods which had mainly emanated from 
the Forest Research Institute, Dehra Dun. Some 
of these have been referred in Appendix B. There 
are special seasoning methods for other purposes 
such as high temperature drying, chemical 
seasoning, solvent seasoning, high frequency 
drying, vapour drying, vacuum drying and boiling 
in oil, which have not yet attained any 
commercial popularity nor they are of specific 
interest for structural purposes. Hence they have 
not been discussed here in detail. 

4.3.2. Air-seasoning - Under this method the 
sawn timber is properly stacked with the help of 
crossers on raised foundations in open air at a 
clean and dry place. In air-seastwing, proper 
stacking is the most important, and the location 
of stack and its orientation with reference to air 
movement and direct heat of the sun is equally 
important. Experience will indicate how these are 
to be adjusted so that undue degrade is not 
developed in the stack. However, some 
precautions indicated below will help proper air- 
seasoning. The width of the individual stack 
should not ordinarily exceed about 1.5 to 2 
metres. The longest planks or scantlings should be 
placed at the bottom and the smaller ones at the 
top. The crossers should be of strong timber and 
uniform thickness. They should be vertically 
aligned one above the other and heavier beams 
should be placed at the top so that undue warping 
of members is prevented. Heavy sections like 
railway sleepers and thick beams can be stacked 
in crib forms using the same members as crossers 
where necessary. The stack should be well 
protected from direct sunlight and heat, and too 



rapid winds. The ends of members may be coated 
wherever necessary. Where a number of stacks arc 
necessary and large amount of timber is required 
to be air-seasoned special sheds may be 
constructed as required. Air-seasoning is 
necessary and economically useful for seasoning 
all sections above 10 cm thickness. The initial and 
final moisture content of members in the stack 
may be determined by marked samples placed at 
different places in the stack. Final moisture 
content may also be determined by calibrated 
moisture meters. 

43.3 Kiln-seasoning — In this process the 
seasoning is obtained by drying timber in specially 
designed kilns in which the temperature, humidity 
and circulation of air can be controlled better 
than in air-seasoning. Any limitations placed by 
air-seasoning due to uncontrollable factors can be 
overcome in this process, and so the period of 
seasoning will be considerably shortened for the 
same species and sections. There are several 
methods of introducing the heat, etc, in the kilns, 
but the most popular in the country seems to be 
the one steam-heated with overhead internal fan 
and reversible air circulation systems. Perforated 
steam tubes are used for controlling humidity 
also. The kiln is initially set with high humidity, 
low temperature, and gradually altered to low 
humidity and high temperature with controlled 
and reversed air circulation in order to reduce the 
moisture content from green condition to about 
12-15 percent, which is required for actual use. 
The kilns are also provided with appropriate vents 
and ducts. All types of species up to 5 cm thick, 
can be properly seasoned in such cases. Thicker 
sections, that is, above 5 cm and up to 10 cm must 
be initially air-seasoned up to about 25 percent 
before kiln-seasoning for economic reasons. 
Forest Research Institute has published different 
schedules of seasoning for different species, and 
these have been standardized and given in 
IS : 1 141-1973. In the end, the same kilns are also 
used for what is called 'conditioning' of timber to 
relieve edge-hardening stresses, if any, have been 
developed in the material. The most common size 
of an ordinary kiln is to take a charge of about 14 
to 15 cubic metres. In the recent years the cost of 
construction of such a kiln with a suitable boiler 
has roughly worked out to be between Rs. 50 000 
and Rs. 60000. Some ready-made commercial 
seasoning kilns with a few sophisticated controls 
are available in the market for slightly higher 
price. The cost of seasoning of average species 
and average dimensions roughly works out to be 
Rs. 50 to Rs. 70 per cubic metre. 

43 A Solar Kiln Drying — The installation of 
full scale economic seasoning kiln as described 
above needs high initial investments. There are 
already quite a few of such kilns existing in 
different parts of the country, cither as part of big 
saw mills or even as independent units. Some 
tvpcs of low cost seasoning kilns also have been 
cicvclopcd like furnace heated kilns, etc. But 
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recently a kiln designed to trap soiar energy 
wherever possible as heating agent and 
eliminating a separate boiler has become fairly 
popular and useful Utilizing transparent screens 
which permit transmission of short-wave solar 
radiation reaching black surfaces inside the kiln, 
and which also prevent going out of long wave 
emission from these black surfaces, it has been 
possible to trap large quantities of heat of low 
temperature, that, is up to 60''C and obtain fairly 
quick drying of timber. Although the heat is easily 
obtained from the sun, the electric energy is still 
required for running fans to control air 
circulation. The kilns may be provided with vents. 
ducts and humidifying arrangements also. It has 
been observed that the efficiency of solar kilns is 
between that of air-seasoning and kiln seasoning 



described above. The air-seasoning periods arc 
claimed to have been reduced by about 60 
percent. Some efforts are under way to find 
whether control of humidity and air circulation 
can also be obtained without the use of cxiernal 
electricity. 

4.3.5 Determination of Moisture Content 
This is a very important link in timber scasonmg 
and utilization. Vox accurate determination of 
moisture content of the stack, small moisture 
discs are taken out from sample pieces placed in 
different locations in'the stack. These are initially 
weighed, oven-dried for about 24-48 hours, and 
reweighcd {see IS : l70H-i969). The moisture 
content of the disc, and so of the sample in 
question is given by 



moisture content = (^"'^'^^ weight of the disc - oven dry weight of the disc) X IQQ 

oven dry weight of the disc 



Periodic weightment of the sample would then 
indicate the moisture in the sample. Average 
moisture content of all samples in the stack is 
taken as moisture content of all limber in the 
stack. However, as this is a destructive and time 
consuming method, various types of electrical 
moisture meters have come into vogue. These 
depend mostly on resistance (and sometimes on 
capacitance) offered by wood under different 
moisture contents between its fibre saturation 
point and dry condition. They naturally depend 
on species, the type of electrode probes driven in 
wood, the extractives in wood, etc. Hence, they 
require to be properly calibrated and some 

fuidance to this effect is also available in 
S : 1I4M973. 

4.4 Timber Preservation 

4.4.1 One of the most common fears which 
prevents use of wood for Structural purposes is its 
deterioration or degradation, which may be due 
to biological or even other causes. For this 
reason, whenever timber had to be used, engineers 
always used to prefer only long established very 
durable timbers like teak. However, in the present 
day the science of wood pcrservation by chemicals 
has advanced so much that many types of hitherto 
unknown secondary species have begun to be used 
after treatment, with the same confidence as the 
popular species were being used earlier. Also the 
various timber species have been classified into 
different durability classes (see 2.3.8) and the 
methods of treatment of these species have been 
standardized (see IS : 401-1982). Consequently 
the choice of timber for structural propose has 
become somewhat easier wherever treatment 
facilities exist or can be created as required. 

4.4.2 The main cause of decay or degrade 
which necessitates wood to be chemically treated 
is biological, which may be caused due to some 
types of wood-destroying fungii or insects. The 
term *decay' and also *rot* is generally used for the 
destruction caused due to fungii which feed on the 



principal constituents of wood, namely, cellulose 
in iignin [see 2.4.7(b) and 2.4. 7(j)]. The terms 
white rot, brown rot, incipient decay and sepsiain 
as explained earlier describe the decay. Hccav due 
to fungii usually occurs only when temperature is 
between 20" and .l.^^'C, moisture between 20 and 
50 percent when there is adequate supply of 
oxygen, and p\\ between 4 and 5. The insects 
which attack timber arc popuiariy known as 
*bees\ 'beetles', 'borers', 'pin-hole borers' and 
'termites' which have some characteristic habits of 
attacking barks, or gretn wood, or fermenting 
wood, etc. Some of them feed on fungus which is 
cultivated on wood. Some of them (powdeipost 
beetles) attack ring porous hard woods as the 
large diameters of the pores are suitably adopted 
for laying the eggs by female insects. I'hus, 
softwoods adopted for laying the eggs by female 
insects. Thus, softwoods are somewhat immune to 
such beetles. A detailed note on termites is given 
in IS : 6313-(Part 1)-1971. There are about 
seventy species of termites which can be grouped 
into two broad classes: (a) the subterranean 
termites, and (h\ drywood termites. The former 
are more dangerfcus and their attack is by boring 
holes longitudinally inside the timber which may 
not be easily observed from outside. The latter 
generally bore across the growth rings and can be 
easily detefted. Ih view ot these known behaviour 
of fungii and insects, if buildings are properly 
designed and constructional provisions are 
suitably made to prevent attack by fungii and 
insects, the dangers of degrade in constructional 
wood can be largely eliminated. As a further 
protection, chemical treatment of material as 
oriefly described in the following clauses would 
ensure safety of construction beyond doubts. 

4.4.3 Wood Preservatives ~ IS : 401-1982 
covers all types of preservatives, their description, 
choice and methods of treatment for different 
species and different purposes besides other useful 
information on the subject of wood preservation. 
There are principally three types of 
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preservatives : (a) oil type, (b) organic solvent 
type, and (c) water soluble type, which are again 
divided into two sub-classes as: (1) leachablc types 
and (2) fixed (or non-leachablc) type. 

4.4.3.1 The oil type preservatives are coal tar 
creosote with or without admixture of petroleum 
coal tar, fuel oil or other oils having high boiling 
range. These are recommended for exterior use 
only, they are extremely stable and possess high 
toxicity to all organisms and non-corrosive to 
metals. The wood is, however, discoloured and 
gives some unpleasent odours due to treatment. 
The creosote for wood preservation should 
conform to IS : 218-1961 and fuel oil (LV grade) 
to IS : 1593-1960. The oily nature of wood is a 
protection against splitting and does not permit 
any painting on wood. Fifty percent admixture of 
fuel oil, etc, with 50 percent creosote ensures 
prevention of evaporation or leaching of creosote 
from treated material. 

4.4.3.2 The organic solvent type preserva- 
tives are used after dissolving the toxic chemicals 
in suitable organic solvents. The treated wood is 
clean, and it can also be painted. Some water 
repellent compounds like wax can also be added 
to the preservatives. The various preservations 
arc: 

a) copper and zinc naphthanates {see IS ; 1078- 
1973) which are metallic salts of imported 
naphthenic acid. Recently Forest Research 
Institute has developed similar wood pre- 
servatives from copper, ^inc and chir-pine 
resins from indigenous sources which arc 
claimed to be equally effective. 

b) penlachlorophenol (PCP), a fully chlori- 
nated derivative of phenol (IS : 716-1970) 
and is indigenously manufactured by Durga- 
pur Chemical Works, Durgapur. 

c) benzene hexachloridc (BHC) conforming to 
IS : 560-1980. 

d) DDT conforming to IS : 563-1973 (dichloro 
diphenyl trichloro ethane). 

4.4.3.3 Water soluble type preservatives are 
inorganic siilts soluble in water. However they get 
leached out due to action of water but it can be 
prevented to some extent if weatherproof paints 
are coated on the treated material. They are quite 
useful under cover. The va^'ous salts are: 

a) Zinc chloride Toxic to fungii and borers 
but not so for termites. It has some fire- 
retardant chracteristics also but tends to be 
hygroscopic. 

b) Boric acid and borax - Useful against 
borers, sapstain and -some types of termites. 
It has good penetrating properties and so is 
usually used for veneers and thin members. 

c) Sodium pentachlorophenate (Na-PCP) — 
Highly effective against sapstain. 

d) DDT and benzene hexachloride (IS : 562- 
197H)— Water dispersible powder useful for 



spray as a prophilactic treatment against 

borers. 

4,4.3.4 Water-soluble fixed type preserva- 
tives consists of mixtures of various salts 
described above with the addition of a fixative 
salt, usually sodium dichromate or potassium 
dichromate. In presence of wood, they react and 
form non-leachable complex salts permanently 
fixed inside timber. Hence they can be used in 
outside locations also. Treated timber should, 
however, be allowed to dry for a period of 3 to 6 
weeks to complete the fixation process. 1 hese 
preservatives are applied at room temperatures 
only, and treated wood can be easily painted or 
polished or waxed. If proper care is not taken, 
treatment with water soluble preservatives may 
develop small cracks. The various chemicals are 
described below briefly: 

a) Copper-chrome-arsenic composition (CCA) 
consisting of copper sulphate, sodium or 
potassium dichromate and arsenic pentoxide 
in approximate proportion of 7: 10:2 by 
weight (Total solid content 95 percent). 
IS : I00I3 (Part 2)-I98l prescribes the 
following proportions: 

Normal Minimum 

Copper sulphate 37.5 35 
Sodium or potassium 

dichromate 50.0 47.5 

Arsenic pentoxide 12.5 10.0 

Total 100.0 "915" 

b) Acid-cupric-chrome composition (ACC) 
consisting of copper sulphate, sodium or 
potassium dichromate and chromic acetate 
in approximate proportion of 10:9:1 by 
weight (total solid content 95 percent) and 
pW between 2.7 and 4.2. IS : IOOI3(Part 2)- 

1981 prescribes the following proportions: 

Normal Minimum 

Copper sulphate 50 47.50 
Sodium or potassium 

dichromate 45 42.50 

Chromic acetate 5 4.75 

Total 100.0 94.75 

c) Copper-chrome-boric composition (CCB) 
consisting of copper sulphate^ boric acid and 
sodium or potassium dichromate in the pro- 
portion of 6:3:8 (see Appendix B) or 
10: I : 10 (as recommended in IS : 401- 
1982). IS: 10013 (Part 2).|981 gives the 
following proportions: 

Normal Minimum 



Copper sulphate 
Boric acid 


35.0 
18.0 


32.5 
15.5 


Sodium or potassium 
dichromate 


47.0 


44.5 



Total 



100.0 



92.5 
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This is an alround and all purpose 
preservative including conditions of 
soft rot attack. 

d) Chromalcd /inc chloride (CZC) consisting of 
zinc chloride and sodium or potassium 
dichromate in the ratio of 81.5: 18.5. 

e) Zinc mcta-arsenite consisting of /inc oxide 
and arsenic trioxide in the proportion of 
2 : 3 with acetic acid sufficient to keep the 
compound in solution under operating 
conditions. 

Zinc chromo-boric composition of zinc 
chloride, sodium or potassium dichromate 
and boric acid in proportion of 3:4: 1. 

4.4.3.5 Of all the above, the most 
commonly used wood preservatives for treatment 
of building timbers are creosote, pentachlorop- 
henol, CCA, CCB, ACC, boric acid and borax 
compositions. These compounds under different 
trade names, such as tanalith, celcure, boliden 
salts and compounds of boron, tin, etc, are used 
in other countries. In India also 'ASCU' 
(conforming to CCA and CCB compositions) 
*Solignum' (creosote or petroleum based, PCP 
containing, resinous substances), etc, are used. In 
any case when a new commercial product 
becomes available in the market, it would be best 
to obtain the eftlcacy of such preservatives from 
recognized wood preservation laboratories and 
also obtain indication of chemical constituents 
and, if possible, their proportions to be sure of the 
performance of such preservatives under different 
conditions. IS : 4873-1966 describes the method 
for the laboratory testing of wood preservatives 
against fungii by soil block method and Kolle 
flask methods. IS : 634M971 describes method of 
laboratory tests for efficiency of wood 
preservatives against sdft-rot which is found in 
very damp pieces. 1$ : 6497-1972 prescribes 
methods of test for the efficacy of preservatives 
and also for evaluating the natural durability of 
timber used in coaling towers. Similarly 
IS ; 6791-1973 describes methods of testing 
natural durability of timber and efficacy of wood 
preservatives against marine borers. 

4.4.4 The methods of tretment and degree of 
preservation, that is, the absorption and 
penetration of preservatives would naturally 
depend upon the different hazards and so the 
protection required, and to keep it economical 
and safeguard subsequent maintenance costs. 
IS : 401-1982 gives exhaustively the recom- 
mended processes of treatments, recommended 
preservatives, ranges of absorption for different 
situations. Several publications of the Forest 
Research Institute, Dehra Dun, have also brought 
out these very elaborately, A summary of the 
necessary iniormation, useful for structural 
engineers is given in Table 15 to serve as a ready 
reference and rough guide. The various methods 
of treatment commonly employed are described 
and can be broadly classified as : (a) pressure 



methods, and (b) non-pressure methods. 
However, before treatment the material is brought 
to appropriate moisture level, surface is well 
cleaned and properly stacked. Where necessary, 
the material is steamed and vacuumed to kill any 
infection, reduce the moisture and also facilitate 
easy penetration of preservatives during 
subsequent treatments. 

4.4.4.1 In the pressure method, inpregnation 
of wood by preservatives is obtained in cylinders 
equipped with vacuum pressure pumps, storage 
and mixing tanks. For treatment with creosote, 
such cylinders and tanks are also equipped with 
steam heating coils. Ihe details of pressure 
treatment plant are given in IS : 2683-1980. In the 
full-cell process which is generally used for species 
difficult to treat and for high preservative loading, 
an initial vacuum of about 56 cm is given for 
about half-an-hour. This is followed by filling the 
cylinder with preservatives and building a 
pressure of 2.0 to 12.5 kg/cm\ For most of 
building components, the main aim being to get 
adequate absorption and penetration, the empty- 
cell process is employed for which no initial 
vacuum is necessary. The duration of pressure 
depends upon the species, the required loading, 
and the dimensions of timber inside the cylinders. 
After the pressure period, a vacuum is given for 
about fifteen minutes to recover any extra 
preservative adhering to surface layers of wood. 
Pressure cylinders arc indigenously manufactured 
and there are about 200 plants distributed all over 
India. Some mobile plants have now come into 
vogue and these can be used in remote areas also 
and at erection sites of timber structures. 

4.4.4.2 Under the non-pressure treating 
methods, the following may be of some interest 
for structural timbers. 

a) Surface applications cither by brushing or 
spraying or dipping. For water soluble type 
preservatives^ the moisture content of the 
wood can; be around 20 to 30 percent. For 
dipping ii|i organic solvent type or oil type 
preservatives, the moisture content should 
be arounq 15 percent. Surface applications 
do not giVe long protections and is useful 
only for ^-treatment of cut surfaces or for 
some temporary treatments at sites. 1 his 
treatment should be repeated periodically 
for effective protection. 

b) Diffusion treatment is applicable to green 
timber for treatment with water-soluble 
preservatives. The penetration of the 
preservative is achieved because of 
concentration gradients existing between 
preservative solution and free water present 
in wood cells. Sometimes the green material 
is first steamed for two to three hours after 
which the material is transferred to 
preservative solution at ambient temp- 
erature (known as quenching). 
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c) Hot and cold process is most convenient for 
structural timbers when pressure cylinders 
are not available. The timber to be treated is 
heated in tanks containing hot preservative 
solutions {for oil type) or in hot water (for 
water soluble preservatives) for about two 
to three hours (by which the air in timber is 
expelled) and then the timber is allowed to 
cool in the same tank, along with the 
cooling of preservative (for oil type 
preservatives) or it is transfered to another 
tank containing cold preservative (for water 
soluble preservatives). In this process the 
preservative enters the wood to replace the 
expelled air. The cooling time is adjusted 
according to the absorption required. 

4.5 Fire-retardant Treatments 

4.5.1 Of all types of so called combustible 
materials used m buildings, wood can perhaps be 
rated as safest. The two principal criteria to 
divide the fire performance of the building 
materials are: (a) fire resistance, that is, how long 
it takes before the material can resist heat or 
flame before losing its basic strength, and (b) fire 
hazard which is rated on the basis of its surface 
intlamability or combustibility. Since wood is also 
a combustible material, it will be necessary to 
treat it with fire retarding chemicals particularly 
where incidence of fire is likely to take place. 
There is no treatment which would make the 
material completely fire-proof, but a number of 
chemicals can retard the combustion and reduce 
the glow in limber. 

4.5.2 Fire-retardin^ Chemicals - Some of 
the chemicals like ammonium sulphate and 
ammonium phosphate are only fire retardants. A 
mixture of the two in the ratio of 4 : I is found to 
be fairly effective. There are other types which are 
fire-retardant-^'um-antiseptic compositions. These 
provide some resistance to decaying organisms 
also, inorganic saUs, such as boric acid, borax, 
zinc chloride with or without preservatives such 
as copper sulphate have proved useful; but these 
are corrosive to metals used as fastners in timber 
joints. Hence limited amounts of potassium or 
sodium dichromates are added to reduce 
corrosiveness. The following are some of the well 
tried compositions; 

a) Sodium tetraborate and boric acid in the 
ratio of 3 : 2; 

b) Ammonium borax-boric (ABB) composition 
comprising ammonium phosphate, 
ammonium sulphate, borax and boric acid 
in the ratio of 1:6:1:2; 

c) Chromated zvnc-ammonium-boric composi- 
lion (CZAB) comprising sodium 
dichromate, zinc chloride, ammonium sul- 
phate and boric acid either in the proportion 
of 4:4:1:1 or in the proportion of 
1:7:7:5, both of which are effective; and 



d) Chromated zinc-ammonium-copper- boric 
composition (CZACB) comprising sodium 
dichromate, zinc chloride, ammonium phos- 
phate, copper sulphate and boric acid in the 
proportion of 3:5:3:1:3. 

A number of compositions of varying proportions 
of some of the above are available in markets 
under trade names, such as pyrolith, celcure-F, 
ASCU-C, etc. It way be noted that most of these 
chemicals are Icachable and also hygroscopic 
which may render them less suitable for 
decorative members in exterior conditions. Fire 
retardents based on water soluble monomers 
subsequently polymerizing in wood are of resin 
type and can stand to weather conditions fairly 
well. Hence they can be used for roof shingles, 
fence posts, etc. They do not also stand in the way 
of any subsequent paints and varnishes required, 

4.5.3 Ireatment Methods- Simple brush, 
dip or immersion treatments are not generally 
sufficient as heavy dry salt loadings are required 
for effective control of llame spread. The full-cell 
pressure treatment recommended in 4.4,4.1 is the 
most suitable for this purpose. However, a 
penetration of about 1.5 cm deep from the surface 
may be sufficient, but heavy absorption as 
indicated below in Table 16 is recommended. 



TABLK 16 




{Clause 4..^ 3) 




MiNiMi'M DiMi'NsioN or Cross- 


AnsciKrrK»N 


SLCHON of THF MfMHf-R 


kg- m^ 


cm 




up to 5 


40-i8 


5 to 10 


32-40 


10 to 20 


24-32 


more than 20 


12-24 



4.6 Other Processes and Wood Products 

4.6.1 Besides the above, there are quite a 
number of processing techniques for improving 
the quality of wood but which are not of much 
relevance in the limited scope of the Handbook. 
However, a passing mention of the same would 
keep the engineer informed of the potentialities of 
wood utilization. Also some of the products 
developed under these processes are already in 
use for some of the non-structural uses of wood 
in buildings, such as doors and windows. Some of 
these arc described below very briefly. 

4.6.2 Panel Products — This is a general term 
used for plywood, hardboards, particle boards, 
insulation boards atid block boards which arc 
already extensively used in building industry, 
There are a variety of these products available in 
the market. Some are made for decorative pur- 
poses and some arc intended for general purposes. 
Some of these are gradually coming into use even 
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for structural purposes, but in all such cases the 
strength data is generally obtained on specific 
product. Corresponding Indian standards have 
been evolved for these products and evaluation of 
their properties; and these are also referred below 
for ready reference: 

a) Plywood - IS : 303-1975 covers the manu- 
facture and classification of plywood for 
general purposes; IS : 1328-1970 deals with 
veneered decorative plywood; IS : 7316- 
1974 deals with decorative plywood using 
plurality of veneers for decorative faces; 
and IS : 4990-1981 deals with plywood for 
concrete shuttering work. In the 
manufacture of these products, thin veneers 
are first taken out from logs on big peeling 
lathes or slicers.Thcy are properly dried and 
glued to each other with grain direction 
generally running at right angles to each 
other in alternate layers. The quality of 
plywood is tested as per IS : 1734 (Parts 1 
to 20)- 1972 depending on the end 
requirement. The most important quality of 
plywood, in general, is its glue shear strength 
and its capacity to hold the laminations 
together under various circumstances of 
use. The general purpose plywood is thus 
broadly graded as;(l) CWR (cold water 
resistant), (2) WWR (warm water resistant), 
(3) BWR (boiling water resistant), and (4) 
BWP (boiling water-proof) for which 
appropriate adhesives and species are 
chosen to make the plywood of required 
choice. 

b) Fibre hoards - These arc also referred as 
hardboards, fibre hardboards and insulation 
boards. IS : 1658-1977 deals with the manu- 
facture, classification, and standard sizes of 
fibre hardboards, and IS : 3348-1965 deals 
with fibre insulation boards as they are avail- 
able in Indian markets. These are princi- 
pally products made of wood pulp, defibra- 
ted and pressed under hot presses. Recently 
decorative hardboards have come into 
vogue. Several tyi:^s of plastic surfaced, ena- 
melled, moulded, perforated, embossed, 
printed, and paper-overlaid hardboards are 
gradually coming into markets. These build- 
ing boards have fairly good strength, insula- 
tion and accoustic properties. The density of 
the board and annealing treatments are 
important characteristics of the hardboards 
on the basis of which they are classified. 

c) Particle hoards--Dvy wood, appropriately 
chipped into small 'particles' and made into 
panel forms by suitable adhesives are known 
as ^particle boards'. A variety of them, both 
for general as well as for decorative purpo- 
ses, arc already available in Indian markets, 
though the actual use of this product in 
India is not as extensive as in other coun- 
tries. These have also been used for structu- 
ral purposes in other countries. IS : 3478- 



1966 deals with high density particle boards, 
and IS : 3129-1965 deals with low density 
particle boards. In addition to wood parti- 
cles, other cellulosic materials like bagasse, 
have also been successfully used for produc- 
tion of these type of panels. Decorative 
aspects are alo obtained by overlaying with 
decorative laminate. IS : 3097-1980 deals 
with veneered particle boards. Considerable 
amount of R&D work is still going on in 
the country for producing improved varieties 
of particle boards and their use in diverse 
fields. Quality of these boards are tested 
according to IS : 2380 (Parts 1 to I2)-1977. 

d) Block hoards These are sometimes referred 
also by the general term 'core board\ which 
also includes *batten boards' and Mamin- 
boards' or Mamin wood'. However, in block 
boards the core is made of strips of wood 
2.5 cm wide, laid adjacent to each other, to 
form a sort of core slab and then covered by 
glued veneers with the direction of the grain 
of core strips running at right angles to that 
of adjacant veneers. IS ; 1659-1965 deals 
with block boards. These are widely used in 
furniture panelling, shutters, etc. Some of 
the block boards are made decorative by 
laying ornamental veneers on one of the 
faces. 

e) Flush doors- A sizable industry has come 
up in India producing fiush doors for use in 
modern buildings, replacing the old type of 
slid panel doors. However owing to mal- 
practices, and production of inferior types of 
doors, serious doubts have been entertained 
in some quarters and trends have been rever- 
ted to panel doors in tho.se quarters. This 
may not remain a permanent feature. Reali- 
zing the several advantages of fiush doors, 
more and more fiush doors will be utilized 
if their quality is assured. IS : 2191 (Parts 1 
and 2)-l9g0 deals with wooden flush doors 
with cellular and hollow core and with ply- 
wood or |)article board, or hard board face 
panels anid IS : 2202 (Parts 1 and 2^)1980 
deals with wooden flush doors with solid 
core faceq with plywood, or particle boards 
and har4boards. Quality tests for these 
doors are now made severe to avoid any 
malpractices. For determining the quality 
of these doors, a series of type tests are 
also given separately in IS : 4020-1967. 
These doors are sometimes made decorative 
with overlaying of ornamental veneers, etc 
{see also 6.2.16). 

Glued laminated structural members Based 
on experiences in other countries, new 
trends are developing in the country also for 
producing laminated structural units from 
even inferior grade timber. With the help of 
synthetic adhesives, planks of wood from 
2 to 5 cm can be suitably laminated to get any 
thickness and any length. Even curved mem- 
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bers can be produced where desired. In such 
places where the stresses are comparatively 
low (that is neutral surfaces of beanDs.etc). 
low grade timber can also be used, and 
strong timbers can be used at the outer 
layers where higher stresses come into play. 
Apart from the cost, several factors are 
mvolvcd in producing these structural units, 
such as glueability of the species; prepara- 
tion of the laminates, suitable adhesives for 
cold pressing for exterior use, and the fabri- 
cation and pressing equipment. Although 
designed structural units are not readily 
available in Indian markets, there is a great 
potentiality for development in this field as 
timber engineering progresses in the country. 

5. TIMBER DESIGN-PART 1 
5.1 Cenerai Considerations 

5.1. 1 When designing a structural component 
or full structure in timber, careful selection is to 
be made of species economically available in the 
local markets. All the properties of the species, 
such as strength, durability, treatablity and 
refractoriness should be carefully assessed. Where 
necessary, the processing and treatment facilities 
should be explored. After deciding on appropriate 
grade of the material for the required purpose, 
proper facilities for storage of the material, and 
in-situ fabrication and erection should be ensured. 
Availability of other material used in timber 
constructions, such as nails, screws, bolts and 
nuts, connecters to be used, and adhesives where 
required, should be ensured according to relevant 
standards. 

5.1.2 In design considerations, NBC has 
recognized some basic factors which require to be 
ensured under all conditions. All structural 
members, assemblies, or frame work in a building 
in combination with other units of the building, 
should be capable of sustaining, for the required 
duration, the worst combination of all loadings 
without exceeding the limits of specified stresses 
for the species and at the worst are weakest 
location of structure. The NBC has also 
prescribed, the various types of loads that should 
be considered for different structures. These are 
applicable to timber structures also. Based on 
IS : 875-1964, suitable dead loads and live loads 
or impo.sed loads should be assumed. There is no 
specific guidance as yet in this country for the 
varieties of combination of dead loads and 
imposed loads with specific reference to varieties 
of species of wood. Wind and seismic forces are, 
however, not considered to act simultaneously. As 
in timber members, boring, grooving, etc, may be 
required at different places, the least net section of 
the member is to be obtained by deducting from 
the gross section, the projected area of the 
material removed by wood working operations. 
Such net sections are obtained by passing a plane, 
or a series of connected planes transversely 
through the members. However, in case of 



nailing, the area pre^bored is not taken into 
account, and no notch or groove in any case 
should remove more than one quarter of the 
section. Also in the design of intermediate and 
long columns, gross section is used in calculating 
load carrying capacity of the column. 

5,L3 Timber has a property of withstanding 
higher stresses for short periods than for longer 
periods or permanently. Hence, while considering 
the various types of loading on timber 
components, the duration of such loading is 
required to be assessed. The permissible stresses 
of different groups of species, and different grades 
used in different locations are to be modified 
further by multiplying with a factor A'z, given in 
the Table 17. 



TABLE 17 MODIFICATION FACTOR Ki FOR 
DIFFERENT DURATIONS OF LOADING 

{Clause 5.1.3.) 

Duration of- Loading Modification Faoor K^ 

Continuous 1.0 

Two months 1.15 

Seven days 1.25 

Wind and earthquake 1.33 

Instantaneous or impact 2.00 

5.1.4 The NBC recognized a further 
modification factor Kx with which the permissible 
stresses require to be multiplied for changes in 
slope of grain, when the timber has not been 
properly graded, and contains major defects 
within the permissible limits. These factors are 
given in the Table 18. 



TABLE 18 MODIFICATION FACTOR Kx TO ALLOW 
FOR CHANGE IN SLOPE OF GRAIN 






{Clause 5.1.4.) 




Slopf 






Modification 


FAcroR A'l 




'Bcam.s, joists 
and tics 


Columns and ^ 

posts 


1 in 10 






0.80 


0.74 


1 in 12 






0.90 


0.82 


1 in 14 






0.98 


0.87 


I in 15 or 


more 




1.00 


1.00 



5.2 Beams (Flexural Members) 

5,2.1 In the design of beams the principal 
considerations are : 

a) Form, size and shape of the flcxural member, 

b) Bending stresses or extreme fibre stress, 

c) Prevention of lateral buckling, 

d) Shear stresses, 
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e) Deflections, and 

Bearing at supports or under load points. 

5.2.2 The NBC recognized some general 
considerations on the size and shapes of beams. 
The minimum width of the beam or any flexure 
member should not be less than five centimetres, 
or one fiftieth of the span whichever is greater. 
The depth of the beam or any flexure member 
should not be taken more than three times its 
width without lateral stiffening. All such members 
having a depth more than three times its width or 
a span exceeding fifty times its width or both, 
should be laterally restrained from twisting or 
buckling and the distance between such restraints 
should not exceed fifty times its width. In IJ K the 
maximum depth to width ratio varies from 2 to 7 
depending upon end fixing and stiffeners 
employed. The deflection in the case of all 
members under bending loads should not exceed 
1/360 of the span, if such loads are caused due to 
brittle materials like gypsum ceilings, slates, tiles, 
etc. In other cases, it should not exceed 1/240 of 
the span and in case of cantilever, it is 1/180 of 
the freely hanging length. In deciding these 
limitations, experiences gathered in the country 
and also in other countries have been consioerea 
keeping in view that wood is an orthotropic 
material with three principal axes of symmetry 
and shows strains due to component stresses in all 
the three planes governed by the three axes. In 
making any wood working operation, it should be 
ensured that notches are not unduly made except 
in top or bottom faces, neither deeper than 1/5 of 
the depth of the beam, nor further than I /6 of the 
span from the edge of the support. Also holes 
larger in diameter than 1/4 of the depth should 
not be bored in the middle-third of the depth and 
length. If holes or notches occur at a distance 
greater than 3 times tho depth of members from 
the edge of nearest isupport, only the net 
remaining depth is u|ed in determining the 
bending stresses. In alt cases it is desirable to 
calculate local stresses and ensured to be within 
permissible limits. 

5.2.3 in calculating the extreme fibre stress 
the well known equation developed on theory of 
bending is : 



./■ 



My 
! 



M 
Z 



where 



/ = extreme fibre stress, 

M = bending moment, 

y = distance of extreme fibre from neu- 
tral plane which for all practical 
purposes is assumed located at 
central place of the beam, 

/ = moment of inertia of cross-section 
(in cm*), and 

Z = modulus of section in cm\ 



The values of / and Z for different cross-sections 
can be found in any standard book on strength of 
materials. 

For rectangular beams / = -— and Z - —r- 

12 o 



Since the strength of wood in tension is much 
greater than in compression it is unreasonable to 
expect wood to behave like other homogeneous 
and isotropic materials, t'xperimenls have shown 
thai fibre-stress at clastic limit in bending is far 
greater than that obtained under pure 
compression paral!cl-io-grain and lower than that 
obtained under pure tension para!lel-to-grain and 
lower than that obtained under pure tension 
parallel-to-grain. The explanation for this is 
obvious from the structure of fibres in wood 
material which lend gradually increasing support 
to adjacent fibres starting from neutral plane to 
the extreme fibres. Thus, there is variable 
influence of neighbouring fibres to the extreme 
fibres, depending upon the homogeneity and also 
the cross-section of the beam whether it is 
rectangular, square, circular beam, or box-beam 
or an I-beam. Hence various form factors (K) are 
indicated in 5.2.4 for different types of cross- 
sections. These should be used as multipliers in 
the beam formula so that the resisting moment, 

A^= A/ 7. or KJ./jy 

5.2.4 Form Factors for Different CVo.v.v- 
sections of Beams 

a) Rectangular section - - For different depths 
of beams more than 30 cm, the form factor 
recommended in NBC is 

D' + 894 



—Ht-^I 



This is obtained from a series of tests on different 
beams, and for ready reference given in Table 19. 



TABI F ^19 VALUES 01' D AND A:, 



n 

cm 
A. 



{Clause 5.2 4) 
.^0 ; .^5 40 45 50 55 60 

1.00 0.97 0.94 0.92 0.90 89 0.88 



NoiF 1 However in UK. both for solid and lannnaicd 
beams which are mostly ot soft woods, this factor is applied 
onlv for beams greater than ,^0 cm and is given in BSCP 
112 : Part 2 : 1971 



, ( LY ^n .100 ) 



NoTF 2 In DSA, based on a series of tests of beam up 
to 30 cm. the formula for modificaiion factor is given below 
and the same is adopted in Australia also 



!-0,07 
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b) For a square section, where the load is 
applied in the direction o\ a diagonal, the 
form factor K^ is taken in all countries as 
1.414. This is justitied because the moment 
of inertia ai' a square, about a neutral axis 
perpendicular to its sides is the same as the 
moment of inertia about a diagonal, and 
since the bending moment is directly 
proportional to /and inversely proportional 
to y it seems necessary to use a form factor. 
The distance of neutral axis to extreme fibre 
of a square beam v with a vertical diagonal 
is v2 ^iiT^Cii as great as that for a beam with 
vertical sides. Hence forjor the same load the 
resisting moment is \J2 or 1. 414 times the 
usual one. 

c) lov beams of circular section a similar 
condition exists. Tests have shown that a 
beam of circular section will sustain 
practically the same load as a square beam 
of equal area. I'he section modulus Z for a 
square is approximately LIS times that of a 
circle of equal area. Hence, in all countries 
the modification form factor K\ is 1.18. 

d) For box-beams and 1-bcams the 
form factor A^4 arises out of different 
situation. Only the fibres King within the 
projection of the width of the web get 
complete supporting action similar to that in 
a solid beam. The fibres outside the 
projection oi the width oi web that are 
influenced h> loads are in the compres- 
sion tlange and so its depth is important. 
Thus, of the same height and section 
modulus, the L.-bcam or box-beam is weaker 
than a solid beam of the same height and 
section modulus. It is difficult to evaluate 
the exact interacting support of the fibres, 
but based on experimental evidence and 
associated theoretical considerations, 
various formulae have been worked out in 
the difterent countries, if the width of the 
flange of I-beam or box-beam is ti and the 
width of the web in the I-beam, or combined 
thicknesses of web in box-beam is tu the 
supportmg ability of the compression flange 

is considered to be ^^' "~ ^'^ times the 

supportmg ability of the rectangle of /: 
width, and similarly the supporting ability of 
the web is considered to be tilt2 times the 
ability of rectangle of h width; where Q 
depends on Pi which is the ratio of the 
thickness (that is, depth) of compression 
flange to the total depth d, of the beam. 
Since the increase in fibre stress at elastic 
limit in flexure over the direct compression 
is about 72 percent* the increased amount 
in the I or box-beam can be written as: 



Thus the modification factor becomes: 

1 + 



K, - 



o..[e(>^^).(A)] 



1-72 



.o.5, + o.«[e(!i-^)+(i)] 

and now considering for the stresses like modulu: 
of rupture, which are beyond elestic limit, 

K4 = 0.50 + 0.50 ( ^-^^— ^ -f "^) 

The same factor is used in Australia also and the 
relationship of Q to Pi is given below. A smooth 
curve between Q and Px gives the values of Q for 
intermediate values of P\. 



/>, O.IO 0.20 0.30 0.40 0.50 0.60 0.80 1.0 



0.0K5 0.2300.4000. 5750. 7400. 8750. 985 1.00 



Based on similar arguments, some earlier 
publications in Furope, and also earlier 
experience in India, NBC recommends a 
modification factor: 



A',- 0.8 + 0.8 y 



' \z?~+ 550' 



I 



°"[e(^)H] 



where Y -= p\ (6-8p, + 3p]) {\-qi) + (/i 

where D and pi arc the same as above and q^ is 
the ratio of total thickness of web (or webs in the 
case of box-beam) to the overall width of the 
beam (/i;/2). BSCP 112-1952 gives the 
modification factor for !-beam and box-beam in 
terms of ratio of tijti and (i\lch reproduced in 
Table 20 (see Fig. 5). In these days, solid wood I- 
beams and box-beams are not much in vogue in 
current design trends, and usually plywood web 
beams are employed. In calculation of bending 
stresses in the case of such beams, there are four 
methods in common practice and the designer is 
left to decide on the best for his own purpose. 
These are briefly described below. 

The homogeneous beam method- In this 
method, the web is treated as a homogeneous 
section with the rest, as in rolled steel beams and 
the modulus of section Z is given by ; 

Z = (A + UlidH) 

where /f is the moment of inertia of cross-section 
of the flange 

/w is the moment of intcrtia of cross-section of 
web 
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Fig. 5 



or Z 



ihl^i^ l^Zf^'> +ii^/! 



The maximum moment capa^'ity is given by 
A/ - fZ. 

The lever arm melhod f his is an appioximale 
method and neglects the contiibution made bv 
web in resisting bending, f he sections considered 
are the compression flange {A^ and tension flange 
(A^) having their centres at a distance / '~ id'Ji) 
In this case. Z -^ A, (J- J,) or /I, (J- J,) and the 
bending moment is given by M - fid-d^) A or f 
(d~d^) A, 

If A, and A, are not exactly equal, the lower value 
is taken. 

[he flange modulus method I his is more or 
less same as above, where the contribution ol web 
is neglected, but extieme fibre stress is more 
accurately assessed by taking full depth into 
consideration and / ot the beam as : 



dli 



6c/ 



{h-u)(d'-d]) 



The exact method Here the beam is 
considered as a composite of two materials, and 
the calculation of the bending mt>ment is done on 
the theorv of composite elements, that is. 



or 






where the suffixes/and w indicate for flanges and 
webs; the bending moment A/, the modulus of 
elasticity £\ and the monDent oi inertia of cross- 
section /. Similarly if /f and /^ represent the fibre 
stress of flange and web materials, then 

,. „ 2(FA -i- £w/u)ff ^ KEJs + E.k) 



E,d ' ' E,d 

where /f is in consideration; 

,, IjEdi M E^DL ., 2(Edi±E.L) 
E^d E^d 

where /^ is in consideration. 



TABLE 


20 MODIFICATION 


FACTOR 


FOR 


FLEXIIRAL 


STRESSES IN 


MEMBERS OF I 










OR 


BOX 


SECTIONS 

Ratio d\ld 










Ratio 






















hlh 


0.10 


0.15 


0.20 




0.25 


0.30 


0.35 


4^; 


0.45 


0.50 










Modification Tat 


lor 








0.1 


0.65 


0.68 


0.71 




0.74 


0.77 


0.81 


0.84 


0.87 


0.90 


0.2 


0.69 


0.72 


0.74 




0.77 


0.80 


0.83 


0.86 


0.88 


0.91 


0,3 


0.73 


0.75 


0.77 




0.80 


0.82 


0.85 


87 


89 


0.92 


0.4 


0.77 


0.79 


0.81 




0.83 


0.85 


0.87 


0,8.9 


091 


0.93 


0,5 


0.81 


0.82 


0.84 




0.85 


0.87 


0.89 


0.91 


0,93 


95 


0.6 


0.85 


0.86 


0.87 




0.88 


0.90 


0.91 


0.93 


94 


0.96 


0,7 


0.88 


0.89 


0,90 




09! 


92 


0.94 


0.95 


0.96 


0.97 


0,8 


0.92 


0.93 


0.93 




0.94 


0.95 


0.96 


0.96 


0,97 


0.98 


0.9 


0.96 


0.96 


0.97 




0.97 


0.97 


0.98 


0.98 


0.9H 


0.99 


1.0 


1.00 


1.00 


1.00 




1. 00 


1.00 


1.00 


1.00 


1.00 


1.00 
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The lower value of A/ is to be considered 
depending on the respective values of Eufu Ew,fw 
of the material of flanges and webs. Substituting 
for A and /* in terms of dimensions the above 
equations become 



M = 



£,(f: - /.) (cf " d\) f E^t:d' /f 



M 



or M 



FaU: - /,) [d' - d\) + E^t.d' A 



6c/ 



Ciw 



In these equations if £"( = ^u and /f = J\, the 
values of / and M become the same as in 
homogeneous beam method. 

5.2.5 Shear Stresses 

5,2.5.1 in calculating shear and vertical 
reactions the following formulae are employed : 

a) General formula : H = VQI lb 

b) Rectangular beam : H = IVjlbD {see 

note against Q) 

c) Notched beams with : H = WDjlblfx 
tension notches and 

supports that is on 
the lower face 

d) Notch at upper : H = ^VjlkDx 
(compression) face 

where e > D 

3V 

e) Notch at upper : // = 
(compression) face 
where e < D 



Dx = depth of the beam at the notch in cm; 

Dz = depth of the notch in cm; and 

e = length of the notch measured along 
the beam span from the inner edge of 
the support to the farthest edge of the 
notch. 

e ~ length of the notch measured along 
the beam span from the inner edge of 
the support to the farthest edge of the 
notch. 

5.2.5.2 In determining the vertical reaction 
F, all uniform loads within a distance equal to the 
depth of the beam from the edge of the nearest 
support are neglected. It is well known that 
concentrated load placed close to the support 
causes at the neutral plane a much less shear 
stress than given by simple shear theory. This is 
because some of the load is transmitted directly to 
the support without inducing shear stresses in the 
member. Also the upper and lower halves of the 
beam act as somewhat independent beams 
because of inevitable presence of checks, etc. 
These have been demonstrated experimently and 
mathematically. Hence ail concentrated loads 
near the supports are, according to NBC, reduced 
by a factor given in the Table 21. For 
intermediate distances percentage reduction is 
obtained by linear interpolation. If any relief is 
obtained to the beam under consideration by 
distribution of load to adjacent beams or flooring, 
this should be given due consideration. 



[-("-!')] 



NoTJ —Only the first three are given in NBC. 

where 

// ~ horizontal shear (or longitudinal 
shear) in kg/cm^ at the level under 
consideration (usually this is calcula- 
ted at the neutral axis); 

V = vertical end reactions, or shear at a 
section in kg; 

Q ~ moment of area above the level at 
which // is considered, about neutral 
axis, ff A is the area of the beam 
above the level at which H is consi- 
dered and y is the distance from neut- 
ral axis of the beam to the centre of 
area, then Q = Ay. 

I = moment of inertia of a section in cm* 
also known in literature as second 
moment of area of the cross-section 
under consideration; 

b = width of the beam in cm at the level 
at which H is calculated; 

D = depth of the beam in cm; 



TABLE 21 REDiiCTION 
DISTANCES OF LOAD 


FACTORS FOR DIFFERENT 
FROM NEAREST SUPPORT 




{Clause 5.2.5.2) 




Distance of Load 
Nearest Support 


From 


THE 


Reduction Factor 


\.S d ox Ic&s 








0.6 


Id 








0.4 


2.5 d 








0.2 


3d or more 








No reduction 



If there are moving loads, the largest one should 
be placed at a distance of 3 times the depth of the 
beam but not more than Vi the span. If the 
member does not qualify for shear resistance by 
the above procedure, a more accurate evaluation 
of V is given by: 



V - 



JOP .. 1 



(l-^X^)' 



2 -f 



'7>' 



and for uniformly distributed loads, 

where V = total modified end reaction, 
d = depth of the beam, 
/ ~ span of the beam. 
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P = concentrated load, 
W = total uniform load, and 
X = distance from the reaction to load 

5.2.5.3 Thus after obtaining the value of V 
and substituting in the formula for horizontal 
shear given in 5.2.5.1, it should be ensured that it 
does not exceed the permissible horizontal shear 
for various species, grades and locations discussed 
in 3.3 and Appendix H. 

5,2.6 Bearings and Bearing Stresses 

5.2.6.1 Wherever flexural members are 
supported in recesses, there should be adequate 
provision for proper ventilation and other 
protection from wood destroying agents likefungii 
and insects. It should also be ensured that the 
bearing surface of wood is well finished to a plane 
surface, and rests fully and adequately on the 
supports. 

5.2.6.2 For bearings of any length at the 
ends of a member, and for bearings of 150 mm or 
more in length at any other position, the 
permissible stresses are the same given in standard 
tables for compression perpendiculer to grain (see 
Appendix H). However, for bearings less than 150 
mm length, but located 75 mm or more from the 
end of a member, the permissible stress is equal to 
the standard working stress in compression 
perpendicular to grain, multiplied by a modifi- 
cation factor Ki given in Table 22 is taken from 
N BC. No allowance is, however, made of 
differences in intensities of bearing stresses due to 
bending. 



TABLF 22 MODIFICATIOM FACTOR Ki FOR BEARING 
STRESSES 



length of 15 

bearing, 

in mm 
Modificaiion 

factor. At 167 



{Claunnf 12.6.2) 
2$ 40 50 



75 



100 



150 

or 

marc 



!.4<) 1.25 1.20 1.13 1.10 1.00 



5.2.6.3 Where wanes are permitted, only the 
net area should be taken for calculation. Similarlv 
for bearing stresses under a washer, or a small 
steel plate the same coefficient of Table 22 should 
be taken for a length equal to the diameter of the 
washer, or the width of the small plate. 

5.2.6.4 When the direction of stress is at an 
angle 6 to the direction of the grain, then the 
permissible bearing stress /<» in that member is 
calculated by the usual Rankinson formula: 

^' /cp sin'd+/c„ cos'0 
where 
/cff = permissible compressive stress in the 
direction of the line of action of the load 
in kg/cm^ 

/cp - permissible stress in compression parallel 
to grain in kg/cm^ 



/n - permissible stress in compression normal 
(perpendicular) to grain in kg/cm^ and. 

d ~ angle of load-to-grain direction. 

5.2.7 Lateral Stability (Lateral Buckling) 

5.2.7.1 Lateral subility of a beam is 
sometimes referred also as lateral buckhng is 
caused by torsional forces occuring in the beam, 
and this becomes predominent in narrow and 
deep beams. That is a beam in which ratio /) h or 
Ljb is high where b is the width of the beam. Thts 
is also caused due to elastic anisotropy in wood. 
There are several methods of linking the degree of 
lateral stability of a timber beam with working 
stresses in bending, However, the various codes 
prescribe maximum Djh or Lib ratio only, fhe 
NBC does not give any guidance for this, except 
in general terms of limiting spans, depths and 
breadth. 1 he critical lateral buckling load in many 
respects is similar to the critical loads of columns 
and on the basis of mathematical analysis, 
formulae have been developed for calculating the 
critical loads. In order to ensure that failure 
should not occur by lateral buckling, the total safe 
load W should be: 



and the same for a rectangular beam is given bv 

^ A{.5\l\ {W\ + 3H'o) 

where W - critical buckling loads; 

C = a constant depending on condition of 
loading and fixing (example, tor a 
centilever C ^ 4 with a concentrated 
load at the end, and C ~ 12.9 with 
uniformly distributed load. F-or sim- 
ply supported beam C - 16.9 with 
concentrated load at the centre and 
C = 28.3 for uniformly distributed 
io^d. If the ends are clamped the 
value of C ~ 43.3); 

E = modulus of elasticity in bending; 

r — mtoment of inertia of the beam about 
ita vertical axis; 

L = spj^n; 

d - depth of the beam; 

b = width of the beam; 

Wl ~ live load; 

Wo = dead load; 

K = tortion constant of the section and 
is equal to adb^ where a depends on 
dib {see Table 23); 

G = modulus of rigidity in torsion usually 
taken as Ej 16; and 

\ = a constant depending on d/b (see 
Table 23). 
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TABLE 23 VALUES OF a AND X FOR DIFFERENT VALUES OF djh 

dih I 1.5 2 2.5 3 3.5 4 5 6 7 8 9 10 20 

a for K 0.14 0.19 0.23 0.25 0.265 0.27 0.28 0.29 0.297 0.303 0.309 0.31 0.311 0.315 

X 0.375 0,442 0.478 0.499 0,512 0.522 0.530 0.539 0,546 0.550 0.553 0.556 0.558 0.568 



From Table 23, it can be shown that if the applied 
load is limited to the permissible deflection of 
1/360 of span, there can be no possibility of 
lateral buckling if djh is less than 4.4 and if 

Ermissible deflection is 1/200 it is safe \i djb is 
IS than 3.3. 

5.2.8 Deflections 

5.2.8.1 Deflections which reflect stiffness in 
beams are caused not merely due to bending 
stresses which cause elongation and compression 
on extreme fibres but also due to shear stresses, 
and consequent strains. Even thpugh the latter in 
most cases are negligible inspite of low modulus 
of rigidity it is useful to know their contribution 
and the engineer can*check wherever necessary. 
This is all the more important in view of the fact 
that timber is elastically an orthotropic material. 
Even in ordinary strength tests, the contribution 
of deflection due to shear is neglected, and so the 
recorded modulus of elasticity is naturally 10 to 
15 percent lower than true value which is on the 
safer side. 

5.2*8.2 Most of the codes prescribe the 
limitation of deflections for different purposes 
{see also 5.1). Given the dimensions of the beam 
for calculating El values and knowing the loads 
W, it would be easy to check weather the span in 
question is adequate to meet the limits of 
deflection, coded for different purposes; and then 
the flexural strength for the optimum span can 
also be checked up. In ordinary cases the 
deflection of the beam is limited to 1/360 of the 
span primarily to prevent cracking of plasters, etc. 
in Duildings and particularly when the beam 
supports brittle materials like gypsum ceiling, 
slates, tiles, asbestos sheets, etc. For bridges, etc, 
ratio of 1/200 to 1/300 is recommended, 
depending on the nature of bridge. In India, it is 
the practice not to exceed 1/240 in case of simple 
beams and joists, and 1/180 of freely hangmg 
length in case of cantilevers. In small building 
constructions, stiffness is more important than 
deflection. 

5.2.8.3 In calculating deflection, the normal 
deflection formula is employed for different types 
of loadings and fixings. For various types of some 
simple loadings, .v^^ Fig. 6 for bending moment, 
deflection and shear. For some types of 
complicated loading, the central deflection may be 
different from maximum deflection. However^ for 
simply supported beams, for whatever loading, 
the maximum deflection will not be more than 
2.57 percent of central deflection and its position 
always occur within 0.077 L of the centre of span. 



For checking up the permissible deflection in case 
of timber beams, the load is taken as twice the 
dead load -f % of the Hve load (IS : 883-1970). In 
recent practices in USA, while taking twice the 
dead load, no reduction is made in the live load. 
It is customary in all countries to use the average 
E of the species, except under some special 
circumstances, when load is shared (see also 
3.4.5.2). But as £ is a variable quantity some 
pieces may have 75 percent more or 75 percent 
less than calculated deflection, and this is 
neglected. In some of the Australian designs, it 
has been presumed that for a continually applied 
load, the value of £ is usually about 1/3 of the 
value obtained in normal laboratory tests with 
short time loading. Hence £'/3 is taken for the 
contribution of dead loads. 

5.2.8.4 As discussed in 5.2.8.1, the 
deflection of any beam being a combination due 
to bending and shear forces, it would be 
interesting to study in a little more detail the 
relative importance of both, even if shear 
deflections are often neglected. For reasons 
explained in 5,2,8J, the deflections are calculated 

by the usual deflection formula which, in 

KEl 

the case of central loading is given by IVL^I4^ EI 
and in the case of uniform loading is given 

5 IVL^ 
by rr^ ——'Even in the case of any complicated 

loading it is quite safe to calculate the central 
deflection from an equivalent uniformly 
distributed loading for which the deflection at 
mid-span A in such a case is given ordinarly by 



384 £/ 



where IV^ is the equivalent uniformly distributed 
(Kb WO. For the method of evaluating K^, and so 
the equivalent load, for various types of loading a 
reference may be made to Si No, 54 in Appendix 
B. Similarly, the deflection due to shear stresses, 
(except in cases where such stresses do not exist if 
the beam is subjected to pure bending) is given by: 

F *i 
A. = -~ f VHJh 
Air 



I 



which at mid-span = -~ 
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where F - form factor dependant on cross sec- 
tional shape of the beam (equal to 1.2 
for a solid rectangle), 

V ~ external shear due to actual loading, 

H == shear due to unit load at the point 
where the deflection is being calculated, 

A = area of section, 

G = modulus of rigidity (£/16), 

M = bending moment at mid span (WKoi^/ 8), 
and 

Wo = WK {W = actual load) 

For evaluating K^ for different types of loading a 
reference may be made to SI No. 54 in Appendix 
B. From these discussion the total deflection 
At = Ab -f A, where the suffixes b and s indicate 
as deflection due to bending and shear forces 
respectively. When actually worked out, usually 
A. is between 2.5 and 10 percent which is 
ncgliia;ible. If a graph is drawn between LI D 

and — ., it will be seen that for values of Lj D 

Ab A , 

from 5 to 12, — ~ reduces from about 1.6 to 1.1; 

Ab 
for values of LI D more than 12 and up to 25, the 

At 
ratio of "T" reduces from 1.1 to about 1.025. 

Ah 

5.2.9 Camher—Thcre is no specific guidance 
on the subject in any of the timber engineering 
codes. Camber is, however, considered important 
particularly in built-up beams, so that under the 
action of dead-loading the beam settles down to 
approximately a horizontal position. In aU these 
cases, a certain amount of engineering judgement 
will be necessary, how to work out the camber, 
and what modulus of elasticity may be taken. It 
should be remembered that it is often easier to 
adjust the, erection if there is slight residual 
camber than if there is any sag. In the earlier days, 
when tension rods were being employed in the 
trusses, camber could be obtained by adjusting 
the nuts in the tension rods. A few moments of 
thought on the subject at the time of design will 
save considerable embarrassment at erection and 
subsequent behaviour of the beam in use. 

S3 Columns 

5*3.1 In preparing columns or compression 
members, it is essential that there should be no 
notches or cuts in the same. However, when 
services have to be necessarily passed through 
such members, it can be effected by boring a hole 
of a diameter not more than one fourth of the 
width of the face on which it occurs, and the 
distance from the edge of the hole to the edge of 
the member should not also exceed one fourth of 
the width of the face. It should be further ensured 
that the centre line of action of the force due to 
load coincides with the axis of the member. 
Eccentric loadings may result in erroneous 
calculations and undue deformations. 



5J.2 The principal considerations in the 
design of columns are axial stress and its 
duration, positional restraints of ends, directional 
restraints of ends (fixing), lateral restraints along 
the length, effective length, slenderness ratio 
{Sid), deflected form, beanngs at top and bottom. 
The NBC has dealt with only axial stress and 
slenderness ratio. In NBC, the duration aspect is 
dealt in a common way for all types of stresses in 
constructional members. 



as: 



5.3.3 Columns of soild timber are classified 

a) short columns where 5/ 1/ (slenderness ratio) 
does not exceed ! 1, and permissible stresses 
are same as given in standard tables, that is, 
standard working stress for compression 
parallel to grain (/ip) {see Appendix H); 

b) intermediate columns where Sid is between 
11 and K% {see below) and the permissible 
stresses are obtained by multiplying stan- 
dard working stresses for compression paral- 



lel 



to grain by [l - y(]^)j based 



on 



the fourth power parabolic formula develo- 
ped in USA. This formula is, however, 
dependent on the assumption that the com- 
pressive stress at proportional limit is 2/3 of 
maximum crushing stress and that the shape 
of the curve below Sid ^ K^ is parabolic 
and Sit Sid = a:^ this curve is tangent to the 
Euler curve for long columns; and 

c) long columns where Lid is greater than 
K% and the permissible stress is given by 
0,329EI{Sld) . This is on the assumption 
that only 2.5 factor of safety is used which is 
different from that recommended in 3.3 and 
Table 13. Without the factor of safety the 
constant will work out to 0.818 instead of 
0.329. 

where S = unsupported overall length of the 
column in cm, 

d - dimension of least side of the column 
in cm, 

K, = 0.702 y/ElJ^. 

f^ = working stress in compression parallel 
to grain in kg/cm^, and 

E = midultis of elaisticity in kg/cm^ 

5J.3.1 The general equation for long co- 
lumn of uniform cross-section when end fixing 
are considered is obtained from the well known 
Euler formula in which 

Load on column (F) _ Kn^ E 
Area of cross-section {A) (SJrf 

where K =^ constant depending on end fixity, and 
is equal to 1 for pin ended column, and 4 for 
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fixing ends, and radius of gyration (r) = d/12 
[see 5.3,7(1)]. 

It has been prescribed in NBC that in solid 
columns of timber, S/d ratio should never exceed 
50. Rules have also been prescribed for tapered 
columns. The induced stress at the small end 
should not exceed the working stress in 
compression parallel to grain. For determining 
Sjd ratio in such a case, the least dimension d 
should be taken as sum of: (a) the least dimension 
at the smaller end, and (b) 1/3 difference between 
the least dimension at larger end and correspond- 
ing least dimension at small end. In any case the 
so computed least dimension should not exceed 
l'/4 times the least dimension of the smaller end. 
In USA the equivalent area of a long tapered 
column is taken at a point 1/13 of its length from 
the bottom of the column (that is, larger end). In 
designing a round column, first a square column 
is designed and then the diameter of equivalent 
cross-sectional area is computed. 

5.3.4 Many instances arise when it is econo- 
mical to build up columns from smaller sizes. 
Similar to the above classification, such built up 
columns and box columns also are classified as: 



a) short columns where Sl\/d] + di is less 
than 8; and the permissible compressive 
stress /c if given by /cp<y; 

b) intermediate columns where 5*/ \/d\ + <^ is 
between 8 and K9 and the permissible comp- 
ressive stress fc is given by: 






or 




c) long columns where Sj \Jd\ -f ^ is greater 
than ^^9 and permissible compressive 
stress fc is given by: 



/c- 



329 UE 



or 



329^£(rf; + dl) 



where S and /cp have the same notation as above, 

dx = the least overall width of the box 
column in cm, 

dl = the least overall dimension of core in 
box column in cm, and 

A9 - constant equal to 



iV 



UE 



and U and q depend on plank thickness as 
follows: 



Plank thickness, t 
cm 

2.5 

5,0 



U 



0.80 
0.60 



1.00 
1.00 



Table 24 shows the strength of builtup column 
as a percentage of solid column of equal height, 
size and grade. In building up the column, it 
should be ensured that the width of the plank is 
not more than 5 times the thickness and the nails 
penetrate at least three planks. The nails should 
also be spaced in longitudinal direction at a dis- 
tance equal to six times the thickness of one 
plank. When S/d ratio is 10 or greater, the same 
percentages given in the Table 24 can be consi- 
dered for butt-jointed pieces also. 



TABLE 24 BUILT-UP COLUMNS STRENGTH AS 
PERCENTAGE OK SOILD COLUMN 



Ljd ratio 

Percentage of solid 
column strength 



82 



10 



77 



14 



71 



18 



65 



22 



74 



26 



82 



5.3.5 Similar to the above classification, spa- 
ced columns also are classified as short, interme- 
diate and long spaced columns. The formula for 
solid columns described in 5.3,2 is applicable to 
spaced columns also with a restraint factor 
F = 2.5 or 3 depending upon distances of end 
connectors in the column. However, for 
intermediate spaced column the permissible 
compressive stress /c is given by: 



f. =/c 



{'-t(^)'] 



and for long spaced columns it is given by: 
0.329 EF 



/c ^ /cp- 



(5/^ 



K,o = 0.702 



where all not^ions are the same as before and 

/cp 

5J.6 In Australia the 'eccentric formula' 
modified to allow the effect of duration of loading 
is used. This is given by: 




/. = 






4e 

I + — sec 6 
b 



where/, - safe average stress that can be per- 
muted^ 
/c = working stress for compression paral- 
lel to grain, 
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JPl = live axial compressive load, 
Pn = dead axial compression load, 
e == equivalent eccentricity of loading 

given in terms of L as L/3(iO, 
h - least dimension of column, 
L ~ effective length of the column, 



8 - 99.3 



b V E 



(Il±}M , and 



E = 



modulus of elasticity. 



In B.S. CP 112, combined modification factors 
available for different slenderncss ratio and dura- 
tion of loading. Derivation of general formulae 
and expanded values, of modification factors for 
the above are discussed in SI No. 54 of Appendix 
B. 

5.3.7 In designing columns, the formulae 
given in IS; 883-1970 and NBC for columns with 
pin ends conditions shull be used and they shall he 
modified depending on the end conditions. But 
the practice in other countries is to determine the 
^effective length' which depends on the condition 
of end fixing and whether a sway is permitted or 
not in the columns. In timber design, it appears 
only two cases are important. They are: (a) when 
the ends are fixed in position in which case actual 
length is the effective length, and (b) when one 
end is fixed in position and direction, and the 
other end is free in which case the effective length 
is taken as twice the actual length. In UK a 
further distinction is also made on the mode of 
fixing the ends. If both the ends are pin joints, 
then the effective length is the total length; if one 
is pin jointed and the other is fixed end, then it is 
0.85 of total length; if both the ends are fixed 
ends, then the effective length is 0.7 6f actual 
length. Similarly for the effective cross-section, 
open holes and notches must be deducted from 
the area, but no such deduction will be necessary 
for nails, tight bolts with only nominal clearance, 
etc. 

5.3.8 For convenience and easy calcula- 
tions, in the NBC and in many publications in 
India, the slenderness ratio is defined as the ratio 
of the length of the column to its least cross- 
sectional dimension. However, keeping in view the 
basic mechanics of action, it should be remem- 
bered that 'radius of gyration' is regarded as a 
measure of dispersal of any area a bout a given 
axis. The radius of gyration R - yjll A where / 
is the second moment of the area and A is the 
area. The slenderness ratio (SR) is strictly defined 
and adopted in some countries as: 

c D - A / r> - effective length 
radms of gyration 

If the directions of buckling are denoted by x and 
y then the larger value of {S\R)^ or (51/?)y (that 
is, the smaller values of R^ or R^ when effective 



length is the same in both the directions) will de- 
termine. In the rectangular sections, since R can 
be linked to the least cross-sectional dimension d, 
it is more easy to express slenderness ratio merely 
as Lid. 

5*4 Combined Stresses 

5.4.1 When any member is subjected to both 
bending and axial stresses, then it is said to be 
under the action of combined stresses. All neces- 
sary precautions taken for individual types of 
stresses are required to be taken for this purpose 
also, and the design shall comply with the formula 
{see NBC and IS : 883-1970 ). 

-^ + -^ is not greater than 1. 

where /„ = calculated average axial compressive 
or tensile stress, 

/c = permissible axial compressive or ten- 
sile stress respectively, 

/ab = calculated bending stress in extreme 
fibre in kg/cm^ and 

/b = permissible bending stress in extreme 
fibre. 

5.4.2 When the end loads, side loads and 
eccentricity exist together in a column, special 
formulae are required to be used. There is not 
much experience in India on these aspects. Some 
of these formulae can be found in SI No. 49 of 
Appendix B. 

In Australia the following general formula is 
recommended for the required cross-section; 



A' 



£[l^4fsec^] 



+ 



6M 



•[ 



dfA 1 - 



PL' {W, 






when the notation in general is the same as given 
earlier and 

Wi — live transverse load, 

HKd ~ dead transverse load, and 
ft ~ permissible stress in bending. 

Since the term in brackets in the denominator 
of the second term on right hand side of above 
equation is nearly I, and since the first term repre- 
sents the area required as a column {see 5.3.6) the 
above equation can be written as: 

A' ^ A + 6Mldfu 



5.4.3 When in the design of any structure, 
particularly framed structure, proper considera- 
tion is to be given to sway, a limit should be stan- 
dardized for the same. Many building codes do 
not provide for this. A guide limit of 0.003 X height 
for the design consideration of sway has been 
suggested in SL No. 54 of Appendix B. 
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6. TIMBF.R DESIGN-PART 2 
6.1 Timber Trusses 

6.1.1 Introduction Because of the very 
nature of material and the long traditions in the 
use of timber for trusses, it is quite possible to 
develop a variety of truss profiles, far greater than 
any other constructional material. While* the main 
function of a truss is to essentially take all the 
loads at the points of application, and transfer 
them to supports as efficiently and economically 
as possible, the choice of profile also depends on 
architectural requirements consistent with loading 
conditions. In the design of trusses, several other 
factors also have to be taken into consideration 
such as any unbalanced conditions arising out of 
fabrication and erection, quite often a conflict 
may arise between the required architectural 
profile and the designed structural profile and, so 
the design must then introduce an economic 
balance between materials and workmanship, care 
being taken to keep the iointi> at a minimum as far 
as possible. All the typical profiles that are 
commonly used in the country can be classified 
and designed broadly under three main types: (a) 
pitched t>pe (mono or double), (b) pyrallcl-chord 
type (also known as flat type), and (c) bow strmg 
type. Fhe usual span-depth ratio lor these trusses 
are /. 4 to 1 L, 10 for mono pitched trusses, /. 8 to 
IL: 20 for double pitcticd trusses and Z./6 to /./ 10 
for bow string trusses and parallel-chord trusses. 
Only some general considerations are discussed 
here as more details and special types are 
available from several text books on timber 
engineering published in USA. European count- 
ries and Australia. In India, there arc as yet no 
specific standards on trusses but a fair amount of 
literature is available from the l-orest Research 
Institute, Dehra Dun; Defence Departments 
(MES) and some PWf) organi/aiions on typical 
designs of trusses. The Forest Research institute 
has made some systematic studies on trusses using 
timber of different spcties and different type of 
joints from 3 to 16 metfes span, for light, medium 
and heavy weight roofing material. Some 
structural forms developed in the Institute with 
small dimensioned timber are illustrated in Fig. 7 
to 9. 

A list of available designs are indicated in 
Appendix F. These designs can be obtained on 
payment from the Forest Research Institute. 

6.1.2 General Factor For Design-Jhc fol- 
lowing check list in the order suggested helps 
to reduce the amount of work involved in 
designing trusses: 

a) Choose the type of truss (truss profile) dep- 
ending on architectural requirement and 
structural compatabiiity and feasibility of 
fabrication and erection. 

b) All the live loads acting on the truss should 
be carefully assessed. 



c) All the dead loads including those due to 
roofing, sheathing, rafters, weight of truss, 
etc, should be computed. 

d) The stresses in various members may be 
worked out. 

e) rhe availability of species and grade of tim- 
ber is to be examined with particular refer- 
ence to the costs involved. 

The si/e of the member required to carry the 
maximum stress due to worst combination 
of loads may be worked out. 

g) Ehe type of joints and connectors to be used 
should be determined on the availability of 
material and workmanship, and si/es of 
members determined above. 

h) 1 he joint has to be designed for carrying the 
maximum load at the joint and special care 
should be taken for members which take 
load at an angle to the direction of grain. 

j) In the analyses of stresses in a truss or any 
framed structure some commonly accepted 
assumptions are to be remembered. 

1 ) When forces act parallel to long axis of a 
member it should be designed as a column 
or tension member. If there are lateral 
forces also on the member it should be 
treated as a beam under the action of 
combined forces. 

2) External forces are always assumed to act 
on joints at the point of intersection of 
the axes of the members. Resisting forces 
acting towards a joint induce compres- 
sion and those acting away form a joints 
induce tension, 

3) Since a joint is in equilibrium, sum of all 
vertical components of all forces is equal 
to zero (that is, IS K - 0) and similarly 
sum of all horizontal forces is zero (that 
is, ^ !i — 0). Also the sum of moments 
of forcfes acting about the joint is equal to 
zero (that is, IM ^ 0). 

4) In view of the above, for determining the 
forces kcting on each member of a joint, 
and so^ on the entire truss any of the fol- 
lowing methods available in any standard 
text book on civil engineering or applied 
mechanics can be adopted as convenient: 
(i) trigonometric method (ii) moment 
method and (iii) the graphic method. 

(see Fig. 10 and example 4 in Appendix 
K for a simple trigonometrical method). 

k) Some of the following experiences at the 
Forest Research Institute are useful in the 
design of trusses. 

1) An initial camber for short span trusses is 
recommended as 1/200 of the span. For 
longer spans this may be slightly 
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Fig. 7 Roof Trusses (Contd.) 
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increased. If unseasoned wood is used 
the camber is recommended to be 1/100 
of span {see NBC). 

2) For different spans of trusses there is an 
optimum spacing of trusses for best 
economy. This is about 3 to 4.5 metres 
for spans ranging from 6 to 20 metres, 
and 5 to 6 metres for spans greater than 
20 metres. Increase in spacing of trusses, 
reduces the overall cost which includes 
the supporting pillars also. The National 
Building Organisation (India) in its Hand- 
book for Building Fnginecrs suggests a 
formula for economical span L (length ol 
purlins) in terms of modulus of elasticity 
(£), moment of inertia of the section (/), 
and total loads per centimetre length of 
the purlin (HO as: 

, ^ 0. 384 FJ 
W 

but neither this seems to have been 
incorporated in Indian standards, nor 
widely used. 

3) Tor three-metre spacing of trusses, join- 
ted purlins will be quite economical. For 
greater spacings trussed purhns or trian- 
gular purlins arc recommendcd. 

4) While the purlins are to he placed at 
requisite node points, for practical pur- 
pose a shift of 10 cm on either side of the 
centre i)f node will not seriously affect 
stiuctural safety. 

5) Strength-reducing defects should be avoi- 
ded as far as possible at the joints. 



and at load transmission points. Stressed 
members may be allowed permissible 
defects, 

6) Wood-working operations should ensure 
that no unaccounted stresses come into 
play, particularly at the joints. 

7) Undue detlections which may create 
unaccounted stresses, may be minimized 
h> using lower safe stresses, larger sizes, 
lessening the joints, and using fastenings 
with low slip characteristics. 

8) In all cases where the designer is not fully 
satisfied with the details of calculations 
to meet a particular requirement, he 
should he particularly careful to ensure 
that the strength and stiffness of the truss 
as a whole is adequate and should prefer 
a prototype test (see 7,2 and 7.3). 

6.1.3 Joints in Trusses -it is obvious, the 
joint in a stressed member being the weakest, its 
design should ensure complete safety not only in 
the use of truss as such and its load bearing 
capacity, but also take into consideration the 
limitations of carpentary practices involved and 
the probability of timber swelling and shrinking, 
the development of cracks, splits, etc, ai^d many 
other factors which may reduce the effectiveness 
of the joint. There are many types of joints, which 
can be broadly classified as: (a) mechanical joints 
which are effected through fasteners, and (b) 
glued joints which ensure permenent rigidity if 
properly done. Of the latter the finger joints are 
coming into prominence more recently {sec 6.3). 
Many of the housing type joints like mortise and 
tcnnons are generally avoided these days. Instead, 
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dowels, bolts, straps, spikes and nails are used for 
the mechanical type joints. Sometimes glued and 
nailed joints are used. Generally the cutting of 
timber is now limited to notching or prcboring, 
where necessary, thus developing the lapped or 
half-lapped joints and using fasteners. The design 
and use of fasteners and joints arc discussed in 
6.3. The NBC gives requirements of spacing nails 
in structural joints, but some of the individual 
specifications for special constructions indicate 
typically accepted joints, for example, IS : 3670- 
1966 prescribes jointing dcuils for floor boards 
and IS . 2366-1963 for structural purposes, etc. 
Considering the special case of nail-jointed truss 
construction, NBC recommends that the total 
combined thickness of the gussets or splice plates 
on cither side of the joint in a mono-chord type 
construction should be equal to, or more than one 
and a half times the thickness of the main 
members subject to minimum thickness of 258 
mm of individual gusset plate. The total combined 
thickness of all spacer blocks or plates or both 
including outer splice plates at any joint in a split 
chord type construction should be not less than 
one and a half times the total thickness of all the 
main members at that joint. In passing, mention 
may also be made here of IS : 3845-1966 which 
mainly deals with joints for furniture but the 
general precautions mentioned therein will also be 
applicable to some types of structures, 
particularly light constructions. Wherever 
transmission of load through a hearing area, 
particularly where washers of metal plates are 
used, the modification factors discussed in 5.2-6 
should he kept in mind. 

Eccentricity in joints should be avoided, 
particularly in heavy stressed members, if however 
eccentricity comes in the design or fabrication, the 
effect of induced fnoments should be taken into 
consideration when calculating the fibre-stresses. 

6.1.4 Deflection in Trusses^ The deflection 
in a truss is caused by: (a) strains in members 
which may be due to compression or tension, and 
i(b) slips in joints. These may be computed 
separately for each member and for each joint, 
and the total may be computed. The American 
Institute of Timber Construction Standards quote 
some empirical formulae for calculating deflection 
of different types of trusses, but these are highly 
empirical and independent of the size of members, 
the stresses that come on the same, and the type 
of joints. The formulae arc given below: 

a) For symmetrical flat and pitched trusses : 



A = 



4290// 



[i.-]. 



and 



b) For bowrstring trusses 



A = 



1900// 



[4--] 



where 

A = total deflection in metres, 

L = span of the truss in metres, and 

H « height of the truss in metres. 

6.1,5 From the limited discussions above, it 
may be seen that although there exists in India 
some experience of designing, fabrication and 
erection of a few timber trusses of different types, 
there is still considerable scope for engineering 
investigations in .studies relating to trusses and 
their standardization. As examples of these 
aspects, mention may be made of analysis of 
stresses at different mechanical and glued type of 
joints, development of modification factors for 
the same for calculating stresses; quality control 
requirement for such joints; development of 
design coefficients for various members for ready 
evaluation of stresses in them, standardization of 
typical trussbs using different groups of species 
and grades, and development of codes for using 
different types of timber trusses under different 
conditions, etc. 

6.2 Special Constructions 

6.2.1 The general aspects of timber design in 
so far as they relate to solid structural compo- 
nents and simple trusses have been dealt in the 
earlier sections. The current practices as reported 
in various Indian standards and other published 
literature has been covered, and wherever 
considered necessary, the practices as exist in 
other countries have also been briefly mentioned. 
In the foregoing sections, it is proposed to deal 
with only some specific areas of timber 
engineering for which there exist already some 
relevant Indian standards. As reference to the 
corresponding standard is always desirable, only 
the most important aspects are discussed below. 

6.2.2 Timber Floors (IS : 3670-1966) 

6.2.2.1 The specification on timber fioors 
covers only the fabrication and laying of timber 
floors and their relevant components. The 
specification provides also for special contractual 
information to be exchanged as a pre-condition 
for satisfactory laying of floors. This includes not 
only the time schedules for various operations but 
also the quality of materials, the design data, the 
required processing of the materials before the 
floor is laid out,' arid alio subsequent dressing 
operations, filling with floor seals, and further 
treatment required on flooring, when completed. 

6.2.2.2 Five types of floors have been recog- 
nised in IS : 3670-1966. They are briefly described 
here. The main floor boards recommended arc to 
be 2.5 to 4 cm thick and not greater than 15 cm 
wide and 3.5 metres long. Several types of end-to- 
end jointing of boards are recommended 
according to economy and efficiciicy, though no 
specific details are indicated. 
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a) Single joisted floors —These may be either 
at ground level or upper floors, with floor 
boards laid directly on bridging joists. The 
maxim'um span of the joists should not be 
more than 3.5 metres and the width should 
not be less than 5 cm. ihe ratio of depth-to- 
breadth should be between 3 and 4 and il 
should be designed as a beam with dellcc- 
tion not more than 1/360 of span. At the 
ground level a minimum of 30 cm floor 
space is required to be provided beneath the 
floor and also proper ventilation of 22 to 85 
cm2 depending on extreme dry to highly 
humid conditions. In the upper floors, the 
resting of joists should be on wall plates, 
and when covered, should be well treated 
and protected to prevent decay. If the 
spacing between joists is more than 2,5 metres, 
they should be herring-bone strutted by 
3 X 5 cm members. In case of heavy floors, 
solid type strutting may be employed with 
members of % depth of the joists, and 
breadth equal to 1/3 or 1/4 of the depth, 

b) Double joisted poors, having ihe bridging 
joists supported on binders -- These are 
adopted where the span of bridging joists is 
more than 3.5 metres but less than 5 m. I he 
binders supporting the bridging joists may 
have a maximum span of 5 m and they 
should be well supported. 

c) Triple joisted floors or framed floors 
These are adopted when the span of binder 
exceeds 5 metres but not more than 10 met- 
res. Hence they are recommended to rest on 
girders. Although it is said in the specifica- 
tion that jointing between binders and gir- 
ders should be by tennons, and is indicated 
by a rough dia^am, it appears there can 
be considerable flexibility in construction 
techniques, deper^ing on loads and the sizes 
of the girders ayiiilable. Also some limita- 
tion is placed on:thc spacing of girders but 
this is a factor which may depend on the 
length of binders which according to the 
specifications may vary from 5 to 10 metres. 

d) Solid timber floors - Thc%t consist mainly 
of a cement concrete sub-floor of 5 to 7.5 cm 
thickness embedcd with wooden fillets of 
12.5 X 4 cm on which the main wood floor 
boards of atleast 2.5 cm thick arc placed. 

e) Purpose made floors - Fhese arc generally 
designed for skating rinks, and indoor games 
like badminton and squash. 

6.2,2.3 IS : 3670-1966 does not deal in de- 
tail any particular design aspects. For floor 
boards it recommends species mainly on the basis 
of suitability figures of 'hardness' of timbers 
compared to teak as 100 {see 3.1,4 and Table 7). 
The range of the suitability figure chosen is from 
55 to 135. It is further claimed that m the 
recommendation of the species due consideration 



has been given to other indices such as 'shock- 
resisting-ahility\ \stren^lh as a beam' and 
detention of shape', in this connection, if a choice 
of species is to be made at all, that is, particularly 
when species as such are intended to be used, then 
it would have been more appropriate to arrive at 
a composite index figure by suitable combination 
of the properties, giving due weightagc to their 
relative importance as discussed in 3.1,4. It has 
been recommended further that for girders, 
binders, and bridging joists, ail species of Ciroup 
C may be used up to 6 metres span, al! species of 
Group B for spans between 6 and 12 metres, and 
all species of Ciroup A for spans of 12 metres and 
greater (see 5.1.1 and. Appendi.x B of IS : 3670- 
1966). There does not seem to be any specific 
rational behind these recommendations. In fact, 
species of higher strength (that is, Group A can 
also be used for shorter spuns uith iiu'reased 
economy and safety, for limber is sold not 
according to their weight which in turn reflecis its 
strength, but according to dimensions). Longer 
dimensions cost more. Except the popular species, 
most of other species have roughly the same price 
in market. It may be noted that in Appendix C 
of IS : 3670-1966, a minimum values of 56 246 
kg/ cm' of modulus of elasticity, and 85 kg/ cm' 
for extreme fibre stress are recommended tor 
timbers for various purposes. But obviously this 
serves only as a further guide in selection of 
species, and appears somewhat redundant m the 
context of limitations aheady placed on surface 
hardness, and also in the context of sufficient 
variation having been permitted in the dimensions 
of various members of the floor, depending on 
commonly assumed loads and other requirements. 

6.2.3 Wooden Stairs in Houses (IS : 1674- 
1973) 

6.2.3.1 This specification deals with 
material, constructional details of interior wood 
stairs for houses, and does not cover the design, 
construction 6f monumental, decorative and 
special types Off wood stairs for which sufflcient 
number of advanced hooks on timber architecture 
are available. fThe general arrangements recom- 
mended are 4^ follows and these have been 
aligned with t^e relevant provisions in the NBC. 

a) The material can be any of the species recom- 
mended in IS : 399-1963 for construction- 
al purposes. It would have been preferable 
if at least the range of hardness of the spe- 
cies is limited similar to floors given in 
IS : 3670-1966 for this purpose also. Simi- 
larly, if plywood is used, it is recommended 
that it shall conform to BWR type of IS : 
303-1975 in a general way. 

b) The head room should be at least 2.2 metres 
from ceiling or soffit to the pitch line with a 
clearance of atleast 1.5 metres at right angles 
to the Une, 

c) The pitch should not be more than 37"*. 
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d) The going (g) should not be less than 25 cm 
and the riser (r) not more than 19 cm and 
both should be same for all steps in any one 
night. The empirical rules governing the. 
above arc: (I) 2 r ^ g > 530 mm and 

< 630 mm. and (2) r X j^ > 40 XIO' 

< 50 X 10' mm-. 

The number of risers in any one flight should 
not be more than 12. After considerable discus- 
sion, the committee concerned with the prepara- 
tion of the standard, came to the conclusion that 
physical exertion in climbing the steps relates to 
the dimensions of each step and the number of 
steps rather than to the total height of the flights. 

e) Treads should be less than 27 cm in width 
and their nosing should be properly rounded 
off with its projection not less than 15 mm 
and not more than its thickness, beyond the 
face ol the riser. 

Clear width of stairs between inside to inside 
end strings shall not be less than KO m and 
the width of landing should not be less than 
the width o( the stairs. 

g) The vertical height from the pilch line to the 
top of any sloping hand rail should not be 
less than 1.0 metre. 

h) Winders arc generally to be avoided but 
provided there should be three for a quarter 
of space and six for half the space. 

6.2.3.2 IS : 1634-1973 gives further general 
guidance on constructional details about treads, 
risers, strings, landings, newels, hand-rails and 
balustrades, and also about fmishing. This guid- 
ance is based on general good carpentary 
practices, and cannot be taken strictly as a 
building code requirements or standard practices. 
However references to IS : 3670-1966, IS : 5389- 
1969, IS : 2338 (Part l)-!967 and fS : 2338 
(Part2)-1967 arc recommended to be made for 
satisfactory performance and appearance of the 
stairs. It appears that with the incoming of several 
other types of alternate wood based materials, like 
compregnated woods, veneered particle boards, 
plywoods, etc, there is a further scope of develo- 
ping the designing and construction of wood 
stairs. 

6.2.4 Hardwood Parquet and Wood Block 
Floors (IS : 5389-1969) 

6.2.4.1 This specification deals only with 
fabrication and laying of parquet and wood block 
floors but mosaic parquet flooring has not been 
covered. Parquet has been defined as aggregate of 
parquet strips assembled in horizontal plane 
forming the upper part of a floor. Regular 
patterns of parquet floor are arranged in large 
areas to form panels and laid in symmetrical 
designs on a sub-floor of timber boards. In the 
execution of these type of floors the important 
factors to be considered have been recognized as: 
(a) the floor to be covered, (b) the type of timber 



flooring including the species and the grade, (c) 
the thickness of flooring and relationship of 
finished surface with reference to a datum, (d) 
constructional aspects including any services 
passing, type of under lay, fixing techniques, and 
(e) treatments like damp proofing preservative 
treatment to species, treatment of skirtings, 
treatment of junction with adjacent flooring, 
dressing and polishing, etc. 

6.2.4.2 In discussing the various species 
suitable for the purpose, suitability figure of 
hardness compared to teak as 100 {see 3.1,4 of 
IS : 5389-1969) has been chosen as the main 
criteria and it is further recommended in the 
specification that species of different hardness 
should not be used as there would be a likeHhood 
of uneven wear in due course. However it would 
have been evolved taking into consideration the 
shock resisting ability and retention of shape also. 
But it should be kept in mind that in evolving 
such types of floors, different naturally coloured 
species are generally selected to give different 
beautiful patterns. 1 he timbers used should 
definitely be seasoned and processed well in 
accordance with IS: 1 14 1 -1973 and IS : 401- 
1982, and the whole floor should be protected 
against termites, and other wood destroying 
agents. Also moisture should be prevented by 
damp proof layers according to IS : 1609-197^. 

6.2.4.3 In the code of practice for laying of 
parquet and wood block floors, the thickness of 
floor blocks and parquets are recommended to be 
from 25 to 40 mm. which is a very wide range but 
in practice, to reduce the costs and working 
operations 25 mm is the most common thickness. 
The other components of floors arc recommended 
in IS : 5389-1969 as follows: 

a) Sub-floor ~ 50-75 mm thick; to be well pla- 
ned and all loose boards to be made firm. 
Sometimes this sub-floor can also be of cem- 
ent concrete. 

b) Panels — Generally square pattern of 30 to 
35 cm side but occasionally panels of size 
used are as small as 15 cm or as larjse as 90 
cm. Panels arc placed in position with 
mastics (IS : 3037-1965). 

c) Battens — Properly square edged, generally 
15 to 50 cm in length 5 to 10 cm in width, 
and 5 to 10 mm in thickness arc used. 

d) Border — A design, different from the main, 
is adopted up to a width of about 60 cm. In 
addition to beauty this will set the required 
geometry of the main floor. 

e) Wood block floors — These arc to be pro- 
perly grooved, tongued, and fitted either 
through battens or directly on maMic or bitu- 
men in semi-fluid condition. The blocks arc 
usually of sizes 25 X 7.5 cm to 30 X 7.5 cnci 
with thicknetss of 2.5 to 4 cm approximately. 
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6.2.4.4 After laying the various components 
of floors, all pores and holes appearing on the 
floors should be sealed with proper floor seals, 
and the surface should be made smooth 
preferably by power driven sanding machines. 
The floors should be also polished by traditional 
oils, waxes, synthetic resin polishes, and should be 
frequently maintained on the same lines (see 9). 
The cost of such flooring is an important factor 
and should be viewed against the background of 
the architectural requirements and purposes 
intended in different halls, auditoria, etc. It may 
be interesting to note that in 1960-70, the floors 
laid in different parts of the country' costed 
between Rs. 30 and Rs.' 90 per square metre 
depending on species and designs, etc. New types 
of material like irradiated woods, compregs and 
laminated products are gradually coming into use 
in several parts of the world. 

6.2.5 Roofing with Wooden Shingles (IS : 
2700-1964) 

6.2.5.1 This specification deals with laying 
of wooden shingles for roof covering. For laying 
and fixing of other roof coverings (slates), 
reference may be made to IS : 51 19 (Part 1)-1968. 
A shingle has been defined as thin flat tapering 
rectangular piece of wood, 30 to 40 cm long, and 
12 to 15 cm wide used as a roofing tile, obtained 
either by sawing or by splitting. Currently the 
specification recommends species of high decay 
resistance, for heartwood and low shrinkage as 
suitable for shingles, but in the suggested fifteen 
species, there are some of lower durability also 
which can be used after proper treatment only. 
Well seasoned and treated species are reported to 
have given quite a long life However, as these are 
exposed to weather, periodical maintenance and 
replacement of any decayed material would be 
necessary. 

6.2.5.2 The followmg are some of the 
important design considerations: 

a) Wooden shingles may be supported on bat- 
tens over purlins and rafters over roofing 
sheets like Gl sheets or limber roofing 
boards, (particularly in very damp and 
heavy rain fall areas). The load of shingles 
along with only battens arc taken as 20 to 25 
kg/m^ for all design purposes. Where neces- 
sary, this can be worked more accurately 
from the specific gravity and moisture con- 
tent of the species employed. The moisture 
content of all timber used should be in ac- 
cordance with 18:287-1973 for different 
zones of India. 

b) The pitch of the common rafter or surface 
on wnich shingles arc laid, should not be less 
than 35*^ and this should be increased in ele- 
vated sites or areas of heavy rain fall. 

c) The battens generally of 5 X 2.5 cm suppor- 
ting the shingles should be spaced equally at 
distance of about I /3 the length of the shin- 



gle {that is, 10 to 13 cm for length of shing- 
les of 30 to 40 cm). The spacing of rafters 
should not normally exceed 60 cm unless the 
battens also are designed for loads. 

d) At every section m the roof area the shingles 
should be atleast three deep course of shing- 
les (except the bottom two courses) and they 
shall be fastened to battens by standard MS 
nails (IS : 723-1972) of 2.24 mm shank dia- 
meter and 4 cm length. The distance of nails 
from the butt end of the shingle should be 
I to 1.5 cm more than exposed length of the 
shingle, and not more than 2 cm from the 
edge. Each course of wooden shingles should 
be overlapped by another course such that 
only I / 3 of the length of the shingle of lower 
course is exposed and the remaining two- 
thirds is overlapped. In each horizontal 
course the shingles should be atleast 3 to 6 
mm apart for shrinkage and swelling. 

e) Each successive course of wood shingles 
should be break-jointed; that is, the inter- 
shingle gaps m the successive courses should 
not be in the same line but should be off set 
by about 4 cm. The general arrangement of 
roofing with wooden shingles may be seen 
from Fig. 1 and 3 oi IS : 2700-1964. 

6.2.6 Timber Ceilings (IS : 5390-1969) 

6.2.6.1 This specification is a code of prac- 
tice for fabrication and laying of timber ceilings 
and their relevant components. Two types of ceil- 
ings have been rccogni/cd. (a) the ceilings when 
the distances between trusses arc not greater than 
one metre and the truss acts as truss rafter, and 
(b) the ceilings when the distance between the 
trusses is more than one metre. In the above spe- 
cification about 24 species have been selected as 
suitable for ceiling and no special criteria has been 
mentioned. However, since they are to be fixed 
from bottom side it is considered that compara- 
tively light tinpbcrs would be preferable. 
Sometimes architectural designs may be required 
in the ceilings for which easy wood working 
qualities of the! species would be an added 
advantage. I 

6.2.6.2 In the design and execution of 
ceilings while keeping IS : 883-1970 in view some 
factors have been indentified in the code as 
important. These are; (a) species and grade of 
timbers; (b) types of ceiling and its thickness, its 
level to a datum and its fixing; (c) type of 
underlay, if any; (d) preservative treatment of 
timbers; (e) treatment of junctions; (0 services 
passing through ceiling, if any; and (g) dressing, 
painting or polishmgs, etc. The required moisture 
content is recommended to be based on IS : 287- 
1973 for different zones of India. The recommen- 
dation with regard to seasoning and preservation 
are to be as usual in accordance with IS : 1141- 
1973 and IS: 401-1982. The usual protection 
against termites and dampness also is recommen- 
ded. In addition to the above, the following 
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specific recommendations are made with regard to 
si/es and constructions: 

a) Timber plants used should be between 15 
and 20 mm thick, and not more than 100 
mm wide. I'he longitudinal edges of planks 
may be jointed by any conventional method 
as: (i) butt and beading type, leaving a small 
gap between the edges and using a bead of 
about 30 mm wide; (2) overlap type such 
that each plank averlaps the adjoining plank 
by about 15 mm keeping alternate planks in 
the same level; (3) half-lap edge joint with 
♦he lap of about 15 mm wide; and (4) tongue 
and groove joint with about 10 mm tongue. 

b) With regard to fixing, three types are recog- 
nized as follows: (1) sloping ceilings are 
fixed immediately below the roofing, usually 
just above the purlins; (2) horizontal closed 
ceilings are fixed on the underside of floors, 
and roof-framings, or sometimes indepen- 
dently, when the roof frame is too high and 
lower ceiling levels are to be adopted; and 
(3) horizontal open ceilings are fixed below 
roofs and floors by nailing suitable fillets 
of 4 X 4 cm cross-section to the bridging 
joists or tie beams, etc. Open ceilings have 
the advantage of provision for sound proof 
material in the hollow spaces. 

6.2.7 Bridge Constructions 

6.2.7.1 Although there are no prescribed 
national standards and codes for timber bridge 
constructions in India, there is a fair amount of 
experience in the country in the design of bridges. 
One of the earliest publications on the subject of 
highway bridges was by Dr S. Kamesam. Basing 
his designs on standard PWD loadings, he had 
constructed several bridges ranging from 2.5 to 
21 m with both treated sawn timber and also 
round timber for the standard widths, namely, 4 
and 5 m. Forest Research Institute has developed 
various types of bridges from spans of 3 to 18 
metres for IRC Class B loading of PWD 
standards. Several types of bridges, including 
pantoon bridges, have been developed by defence 
services in India for crossing rivers, and narrow 
valleys in hill regions. However, these experiences 
have neither been standardized nor codified at 
national level so f^ar, and it may be worth while to 
coordinate these designs and arrive at some 
uniform" basic design considerations for bridges. 

Timber bridges are broadly divided into two 
types: (a) the trestle type, and (b) the truss type 
bridge. In India mostly the truss types exist. In 
other countries bridges of 80 to 100 metres spans 
have been developed using metal connectors and 
by glued laminated constructions. So far, it 
appears that general guidelines of design in 
IS : 883-1970 have been followed for bridge 
beams, girders and tru&ses. Where necessary 
increased consideration of safety have been 
specifically provided on local circumstances. 



Sometimes the designs were checked by actual 
loading tests, and sometimes by testing reduced 
size models in structural laboratories. It is 
needless to point out that in such types of 
constructions as bridge constructions, the joints 
and fasteners have always attracted greatest 
attention. The economy of the bridge depends not 
only on the initial cost and annual maintenance, 
but also on the expected life of the bridge. Well 
treated timbers may preserve a bridge for much 
longer time than usual, but the life expectancy 
should be based on consideration when the 
structure may become obsolete either on account 
of new types of traffic or on account of new 
materials of construction. As the bridges generally 
remain exposed to weather, it is necessary to use 
durable or well treated timbers and adopt special 
maintenance precautions such as painting with 
moisture resistant oils or paints. 

6.2.8 Lamelia Construction 

6.2.8.1 Recently some attempts have been 
made for developing lamella roofs by using 
relatively short curved timber planks bevelled and 
bored at their ends and joined together by bolts at 
an angle through another member bored at its 
centre to form a curved network of stiffenned 
timber members. These structural elements are 
decorative in themselves and so it has attracted 
the architectural requirements mostly for 
assembly halls« churches, pavilions and 
restaurants, etc. Depending on the span of the 
arch, and the loads on the roof, the individual 
lamella units can be easily fabricated in 
workshops and the erection is carried out easily at 
site, giving adequate protection at the ends of the 
arch to prevent its slipping laterally. The thrust of 
the roof is taken either by tie rods, or buttresses, 
or concrete pipes. The rise of the arch generally 
varies from 1/5 to 1/7 of the span. 

6.2.9 Earthquake Zone Constructions 

6J-9.1 Not much information is available 
on any special types of timber constructions for 
earthquake zones, but it is advisible for the 
designer to take into consideration the relevant 
clauses on seimsic loads recommended in NBC. 
The vibrations caused on the structure may be 
resolved into three perpendicular directions and 
the design may be made safe for the vibration 
sway and damping in all directions 
simultaneously. The predominant direction of 
vibration is considered horizontal. NVherever 
earthquake forces are considered along with other 
normal design forces, the permissible stresses in 
materials (in the elastic method of design) may be 
increased by one-third. However, it should be 
remembered that timber can normally develop 
under dynamic conditions twice the strength 
required under static conditions, but the same 
may not be exactly true of the joints. For the 
purpose of detepnining seismic forces, the country 
IS classified into five zones with horizontal seismic 
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^efficients of values 0.0!, 0,02, 0.04, 0.05 and 
0.08 (see 18:1893-1975). Vertical seismic 
coefficients, wherever necessary, may be taken as 
half of the corresponding horizontal coefficient. 
The choice .of a value for damping coefficient of 
timber structure is a matter of judgement, but a 
damping coefficient of 2 to 5 percent of critical 
value is suggested in NBC. 

6,2.10 Fire-prooJ Construction (NBC Part IV, 
IS : 1642-1960 and IS : 1643^1960) 

6.2.10.1 It is now well recognized that fire 
hazard is a potential danger to any type of 
building with any material. What is more 
important is to prevent the causes of fire and its 
spread than choose a building material on the 
basis of its resistivity to fire or to reject a material 
because of its combustibility, it has been the 
common experience that in the case of serious 
fires to buildings, in the various types of efforts to 
control the same, the wood material can be 
salvaged for re-use, and part of the money at least 
is recovered, whereas most of other materials are 
destroyed completely with no value for re-usc at 
all. However in all cases of precautions against 
fire, the intention in the design is to save life in 
preference to property and so the time taken for 
the occupants to escape is most important, British 
standard classifies building materials into four 
classes depending on their fire-resistivity and 
flame spread characteristics. Most of the wood 
and wood products come under Class 3, that is, 
surfaces of medium flame spread, l.ow density 
woods and insulation boards are classified as 
Class 4 (that is, surface of rapid flame spread). 
Wood wool cement hoards are classified Class I 
(that is, surfaces of low flame spread). There does 
not seem to be any such standard classification of 
wood and wood toroducts in India as yet. 
However, IS : 16434960 and NBC (Part IV) deals 
with fire protectior| in greater detail and the 
general clauses are applicable to timber structures 
also. 

6.2.10.2 As a result of some laboratory 
studies on fire resistance of wood, D. 
Narayanamurthi and G. Gopalachari (Indian 
Forest Bulletin No. 118, 1943) came to the 
conclusion that heavier timbers and timbers with 
tylosses offer more resistance than timbers free 
from tylosses, as the vessels plugged with tylosscs 
offer more resistance to the movement of gases 
through the timber. This is taken as an indication 
that timbers which are difficult to treat also offer 
more resistance to spread of fire. Other properties 
which affect the fire resistance are the thermal 
conductivity and specific heat which determine 
the rate of change of temperature. Some of the 
structural species arranged in order of their 
resistance to fire, calculated from their rate of 
burning curves, are the following: 

l.tDiospyros spp 

2. Hopea parvijlora 

3. Hardwkkia binata 



4. Chloroxylon swie tenia 

5. Eucalyptus globulus 

6. Anofieisses laiifolia 

7. Que reus spp 

8. Acacia arabica 

9. Shorea robusta 

10. Tenmnalia tomemosa 

1 1 . Siereospermutn chelonoides 

12. Bichovia javanica 

13. Albizzia lebbeck 

14. Pterocarpus Jalber^iodes 

15. Terminalia paniculata 
J 6- Carapa trwiucccnsis 
17. Pterocarpus marsupium 

Albizzia odoratissinna 
Dipterocapus spp 
Terminalia belerica 
Daibcr^ia sissoa 
Tectnna ^ratuiis 
iMgersfroemia spp 

24. Juglans regia 

25. Artocarpus hirsuta 

26. Cedrela ioona 

27. Hymnodicton excetsum 

28. Adina cordi folia 

29. Caloptyllum tomentosutn 
Terminalia bialata 
Schima wallichi 
Moras spp 
Pinus roxburj^hii 

34, Man^ijera indica 
3 5 . Cup re ssus t orulosa 

Ternunalia myriocarpa 

Picca morinda 

Pinus excclsa 

Anthocepha/us cadamba 



18. 
19. 
20. 
21. 

22, 
23. 



30 
11 

32 
33 



36. 
37. 
38. 
39. 



The trade names and local names of the above 
species are given in Appendix G. 

6.2.10.3 One of the methods used in fire- 
proof construction is to treat the wood with 
appropriate fire retarding chemical, {see 4.4) 
depending upon the species and the nature oi 
hazard likely to arise. Apart from such treatments 
discussed thq|rcin, there can also be a possibility ot 
providing i0 the structure, some systems to 
prevent the spread of the flames. One way is to 
know the rhte of charring of surfaces and to 
calculate safe dimensions to withstand the load, 
for people to escape in time. Another way is to 
identify spots of possible start of fires and provide 
fire stops to prevent the spread of fire. The greater 
danger of tire being at joints and connections 
which may induce undue twisting moments 
(particularly if they have metal components), it 
may be possible to design such joints either far 
away from the source of fire and the charring line, 
or to protect the joint externally by material of 
higher fire resistance or low combustibility. The 
engineer may also design the joint with increased 
net section or by collaborative tests under 
conditions of anticipated hazards. 

6.2.11 Bolts and Nail Jointed Constructions 
(IS : 2366-1963, IS : 4983-1968 and NBC) 
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6.2.11.1 Oi all types of jointed 
constructions in v.ood, the nail jointed 
construction has made rap'd strides in the country 
as it was always necessary to make use of small 
dimensioned stock to keep the economy at lower 
levels. This subject on design aspects has been 
discussed in greater detail under 6.3. Here only 
some special considerations that go into the 
constructions have been discussed. Ihc nail joints 
can be used for butt joints or lap joints cither in 
mono-chord construction or in split-chord 
constructions. At present only a tew species have 
been tested lor strength and these have been 
recommended in IS : 2366-1963 for permanent 
and temporary constructions. 

6.2.11.2 Some important aspects on the 
fabrication oi nailed constructions are discussed 
below; 

a) Fhc dimension of members should be within 
the following lange {.v^v IS : 2366-1963 and 
and NRC) 



ces, edge distances and spacings should be 
generally as given below and also illustrated 
in Fig. II to 13 more clearly for lengthening 
and node joints. 



Thickness of 
members 

Width oi 
members 



15 to 100 mm 

Normally should not 
exceed eight times the 

thickness. 



In the case of lap joints minimum thickness 
of thmner member should be atlcast 2/3 
thickness of thicker member, and in case 
of butt joints, minimum thickness of splice 
plate members should be 3,4 times the 
thickness of main structural member. 

b) Preferably there should be no lengthening 
joint at the nodel point and there should 
preferably be only one such joint, at any 
rate, not more than two between two nodal 
points. 

c) The total combined thickness of the gusset 
or splice plates (in a monochord type cons- 
t'-uction) or of spacer blocks and plates in a 
split chord type should not be less than one 
and a half times the total thickness of all 
main members. The total combined thick- 
ness of all spacer blocks or plates or both at 
any joint in a split chord type construction 
should not be less than one and a half times 
the total thickness of all main members at 
that joint. 

d) The diameters of nails should be between 
1/6 and I/II of the least thickness of mem- 
ber and they should be preferably galvanized. 

e) A camber of not less than L/360 should be 
provided in the lower chord of nail jointed 
timber truss for permanent constructions 
and L/200 for temporary constructions 
using seasoned wood and L[\00 for unsea- 
soned or partially seasoned wood. 

All nails should be so arranged as to avoid 
undue splitting of the wood. The end distan- 
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the Joint 



End distance Tension 

Compression 

In the direction Tension 
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Edge distance 



Require- 
ment 

\2d 
H)d 

\0d 
5d 

5d 

5d 



Between rows of 

nails perpendi- 
cular to the 
grain 

g) All nails should be so arranged that the line 
of force in a member passes through the 
centroid of the group of nails, as otherwise 
suitable allowance should be made for any 
eccentricity. AH projecting nails should be 
properly clenched or cut to be Hush with the 
face. Adjacent nails should preferably be 
driven from opposite faces. 

h) When nails are driven through a lap joint 
from the side of the thinner member, the 
length of penetration of nails in the thicker 
member should be I'/j times the thickness 
of the thinner member subject to the maxi- 
mem thickness of thicker member. For butt 
joints the nails should be through the entire 
thickness of the joints. When in doubt pre- 
ference should be given to more number of 
vertical rows rather than more nails in a 
row. When prebore is necessary for the 
nails, the diameter of pre-bore should be les- 
ser than the diameter of the nail by atlcast 
0.5, O.I and 1.5 mm in very hard or dense 
woods, medium dense, and soft or light 
woods respectively. 

j) Nail jointed structures should be periodi- 
cally mspected for corrosion, or looseness of 
nails. Joints, etc, and preferably maintained 
by painting or reinforcing the nailing scheme. 

k) See examples 5 and 6 of Appendix K. for 
designing nailing scheme. 

6J1.11.3 Nail jointed designs have also been 
employed for laminating wood beams 
mechanically (IS : 4983-1968). The beam is made 
of 2 to 3 cm thick planks placed vertically with 
joints staggered in the adjoining planks at a 
minimum distance of 30 cm and a maximum of 60 
cm. They are jointed by minimum number of 4 
nails in a vertical row at regular intervals not 
exceeding 7.5 cm to take up not only horizontal 
shear forces but also to keep the planks in 
position. In such laminations lower grade material 
can be used in the interior where the stresses are 
lower compared to extremes. In the above 
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*&n may be increased to lOn, if designed width of chord member permits. 
Otherwise the end of the loaded web member may be extended by at least 5n Mm. 

n - shank diameter of nail 

Fig. 12 Spacing of Nails Where Members are at Riciiir Angles to One Another 
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referred specification, the maximum depth and 
length of the planks are recommended to be from 
25 to 200 cm respectively. But a minimum depth 
of the beam for nails 3.75 mm and 4 mm 
diameter; and 12.5 cm for nails of 5 mm diameter 
is recommended. 

6.2.12 Design of Bolted Construction Joints 

6.2.12.1 General For total prefabricalion. 
boll jointed construction is the most befitting idea 
for timber structural components. Bolt jointed 
construction units give better facilities as regards 
workshop ease, transport convenience and re- 
asscmblv at site of work. This technique is best 
suited for defence purposes for semi-permanent 
structures (sheds) which are required to be erected 
at high altitudes and in far off places. Mass 
production of structural components in factories 
can thus be made far rational. 

6.2.12..2 Design considerations — Beams shall 
be designed in accordance with NBC (Part IV/ 

Section 6), 



Where a number of bolts are used in a joint, the 
allowable load in withdrawal or lateral resistance 
shall be the sum of the allowable loads for the 
individual bolts. 

6.2.12.3 Arrangement of holts The 
following spacings in bolted joints shall be fol- 
lowed {see Fig. 14) : 

a) Spacing of bolts in a row — For parallel and 
perpendicular to grain loading = 4ch. 

b) Spacing between rows of holts 

1) For perpendicular to grain loading- 
2.5</, to 5d^ {2,5di for //J, ratio 2 and 
5^3 for tjdj ratio of 6, where / is the 
thickness of main member and d^ is the 
diameter of the bolt used). 

2) for parallel to grain loading: At least 
(A/ - 4)di with a minimum of 2.5^3, 
where A^ is total number of bolts. Also 
governed by net area at critical section 
which should be 80 percent of the total 
area in bearing under all bolts. 
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I4A Spacing of Boits in Lengthening Joints I4B Spacing of Bolts al Node .loints 
(Joints loaded parallel to grain) (Joints loaded perpendicular lo gram) 

A - {M - 4) dx OT 2.5 d^ whichever i% greater. Also governed by net area at critical section (area should be 80 percent of the 

total area in bearing under all bolls). 
N - total number of bolts in the joint. 

B- \.5 d^ or half the distance between rows of bolu, whichever is greater. 
dx ~ diameter of the bolt. 
/ - thickness of the nwin member. 
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Fig. 14 Typical Spacing of Bolts in Structural Joints 
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c) End distance - 7 d^ for soft woods in ten- 
sion, 5 di for hardwoods in tension and 4 d^ 
for all species in compression. 

d) Edge distance 

1) For parallel to grain loading 1.5 dy or 
half the distance between rows of bolts, 
whichever is greater. 

2) For perpendicular to grain loading, the 
loaded edge distance shall be at least ^dy 

6.2.12.4 For inclined members, the spacing 
given above for perpendicular and parallel to 
grain of wood may be used as a guide and bolts 
arranged at the joint with respect to loading 
direction, 

6.2.12.5 The bolts shall be arranged in such 
a manner so as to pass the centre of resistance of 
bolts through the intersection of the gravity axis 
of the members. 

6.2.12.6 Staggering of bolts shall be avoided 
as far as possible in case of members loaded 
parallel to grain of wood. For loads acting 
perpendicular to grain of wood, staggering is 
preferable to avoid splitting due to weather 
effects. 

6.2.12.7 Bolting- Tht bolt holes shall be 
bored or drilled perpendicular to the surface 
involved. Forcible driving of the bolts shall be 
avoided which may cause cracking or splitting of 
members. A bolt hole of I.O mm oversize may be 
used as a guide for pre-boring. 

6.2.13 Anti-termite Construction [fS : 6313 
(Farts I to 3)-! 981]. 

6.2.13.1 It is well known that subterranian 
termites cause considerable damage to timber and 
other cellulosic materials' used in buildings. For 
understanding classification of termites, develop- 
ment of their colonics and recognizing their 
presence in buildings, a reference may be made to 
note in Appendix A of IS : 6313 (Part l)-I97L 
However, at sites where the presence of such 
termites is recognised, special precautions are 
required to be taken. Ihere are many methods 
which prevent a termite attack and these are 
briefly discussed below, and any one or more of 
these can be adopted depending on the intensity 
of termite infestation and other local 
circumiitances, 

a) Timber used may be such as are resistant to 
termite attack (that is, heartwood of very 
durable species). 

b) Foundations and sub-base of ground floors 
should be free from cracks. 

c) For protection against termite attack from 
surrounding areas of a building, a termite 
metal shield or masonry groove around the 



periphery of the building may be provided, 
and a cement concrete apron wall around 
the building is recommended. It should be 
remembered that the function of termite 
shields, masonry grooves, etc, is to cause 
termites to build their entry tunnels at such 
places which can be easily detected on perio- 
dical inspections, and facilitate further 
appropriate control measures. Termite shie- 
lds arc made of galvanized sheet of 0.63 mm 
(conforming to IS : 277-1977), embedding 
50 mm in the cement concrete subfloor, with 
50 mm horizontal projection on the external 
side and further projection of 50 mm bent 
downwards at an angle of 45°. Joints in 
termite shields should be made by lap- 
ping the ends aticast 20 mm lengthwise 
and soldering the same. Initial cost of 
installation, frequent maintenance, occasio- 
nal replacement after installation and also 
sharp edges of the metal shield projecting 
out causing injury to children playing 
nearby in the residential buildings. The 
metal shields can be conveniently used 
for grain storage godowns, warehouses, etc. 
Where timber columns exist, termite caps 
can be used at the basement. 

d) Some prc-conslructional chemical treat- 
ments can be undertaken [IS : 1003 (Part 2)- 
19H1]- All the termite mounds in the neigh- 
bourhood should be broken and water sus- 
pensions or emulsions of the following may 
be poured on the destroyed mounds: (I) 0.5 
percent chlordane, (2) 0.5 percent hepta- 
chlor, and (3) 0.25 percent aldrin. 

e) Treating the soil beneath the building and 
around the foundation by any one of the 
following emulsifying concentrates provides 
sufficient chemical barrier between termites 
and the wood used in buildings. The chemi- 
cals are: (I) aldrin 0.5 percent (IS : 1307- 
1982), (2) h^ptachior 0.5 percent (IS : 6439- 
1978), and (3) chlordane I percent (IS: 2682- 
1966). Since; these chemicals are chlorinated 
hydrocarboii insecticides, they are poisonous 
and require careful handling and, where 
there is any risk of wells or other water 
supplies becoming contaminated, they 
should be Javoided. The .same chemicals 
can also be used for treatment to older buil- 
dings infested with termites after careful 
examination of the source of infestation. If 
any wood-work in such building is comple- 
tely damaged it should be carefully replaced 
by new timber properly treated, but in cases 
where no serious damage has already taken 
place but is likely to cause damage if not 
attended to, it is recommended that 6 mm 
diameter holes may be bored in slanting 
positions in the concerned wood members 
(hke chowkats, joists, purlins, shelves, etc) 
and the above chemicals may be liberally 
infused into them. 
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6.2.14 Antimagnetw Structures 

6.2.14.1 ill sonic of the harbour 
constructions, mine sweeping hoat constructions 
and special laboratories, particularly in Navy, 
sometimes a need arises to construct antimagneiic 
structures. In such cases bolts, nails, and metal 
connectors should be avoided. Fxamples exist of 
using wood dowel pins, dowel rods or bamboo 
pins for the joints, Indian F^orest Records [Vol. 3, 
No. 3(1943) by V.I>. I.imaye] gives details about 
manufacture of bamboo nails by special tools. It 
is claimed that bamboo nails of 8 or 9 SWG have 
the same holding power as MS nails of 12 SWG. 
In ail such cases, it would he preferable to design 
the joint on the basis of test data obtained with 
the designed joint. Depending on the locations, 
whether it is under water, or in open air, and the 
sizes of jointing members, etc, appropriate 
adhesives which are not impaired by such 
exposures may be employed at the joints. 
Synthetic resin glues are often considered 
adequate for the purpose. 

6.2.15 Constructions in Chemical Factories 

6.2.15.1 Most of the tunbers and metal 
parts in chemical factories are likely to be 
attacked by chemical tumes. 1 here arc very few 
timbers such as teak and some conifers which are 
resistant to acids and alkalies. Acids up to a 
concentration of 10 percent with conifers and 5 
percent with hardwoods, do not very much affect 
the wood in the cold. It has also been observed 
that with alkalies wood swells beyond water 
swollen conditions. Other timbers recommended 
in Indian Forest Bulletin [No. 119 (1943) by D. 
Narayanamurthi] for safe use in chemical 
factories are white siris, pussar, sissoo, white 
cedar, cypress, dhaman. jaruL lendi, kail, chir, 
kindai with proper treatments, wherever 
necessary. As metals used at joints may get 
attacked and corroded by chemical fumes, they 
can be avoided and replaced by all wood joints. 
Hence properly treated timbers so as to neutralize 
the effects of acids and alkalies, or appropriately 
coated by commercial paints, some types of resin 
impregnated and compressed timbers (known as 
compregs) and such other forms of improved 
woods, can be tried. So also, joints will have to be 
appropriately protected. Quite often commercial 
paints, shellac treatments, asphalted paraffin, etc, 
seem to have served the minimum purpose, but 
more scientific data will be needed for drawing up 
proper specifications of treatment. In all sucn 
cases, it is always recommended that accelerated 
tests may be performed on treated material and 
joints before design or fabrication work is 
undertaken, if such treatments do not affect the 
structure of the fibres of wood, strength is not 
seriously affected. However, it would be advisable 
to undertake the strength tests of the material also 
before and after the accelerated exposure 
conditions. 



6.2.16 Marine Constructions 

6.2.16.1 Very few timbers remain stable 
under marine conditions, and so several 
treatments have been tried recently to protect 
timber exposed to marine conditions. The type of 
marine organisms existing in different harbours of 
India are not exactly the same. In some parts like 
Cochin and Bombay there arc mainly marine 
baorers which destroy the wood and in some parts 
like Visakhapatnam there is a predominance of 
marine fowlers which only settle down on wood 
surfaces, without destroying the material but 
adding considerably to its weight. Sometimes 
along with the new incoming ships into Indian 
harbours new types of marine organisms may 
come. So far the treatments recommended in 
IS : 401-1982 for marine purposes are considered 
adequate enough. In some cases treatments with 
fish oils have been found useful. However, in view 
of the possible changes in the marine conditions 
as mentioned above, the treatments recommended 
so far, may not always be adequate and 
consequently continuous observations, testing and 
evaluation arc required at important areas. Hence 
in the design of timber constructions for use 
under marine condition, a thorough knowledge is 
required of the existing and possible organisms 
which may affect the timbers and the treatment 
given to them. Study should also be made of tidal 
conditions and their effect on the material used. A 
proper design can be undertaken only when all 
the information is available. In view of not many 
satisfactory results so far, in the recent years 
trends have been in the direction of avoiding 
timber and timber products for such constructions 
and replacing by concrete for jetties, etc, and 
vulcanized rubber where cushioning effects are 
required. However R&D activities are still going 
on for developing and improving wood and wood 
products for marine constructions wherever they 
are still considered useful and economical keeping 
in view particularly the need of changing the jetty 
designs fairly frequently in some of the small 
harbours. 

6.2.17 Timber Doors, IVindows and 
Ventilators 

6.2.17.1 In the design of timber doors, etc, 
there arc no spedfic aspects of strength, except 
that the sizes should fit in with rationalized metric 
system, and the species should have a good 
dimensional stability, and the finished doors 
should stand the type tests according to IS : 4020- 
1967. Another important consideration has been 
the use of proper adhesive for the manufacture of 
the doors to withstand delamination of glued 
parts due to varying humidity and temperatures 
they arc subjected in actual conditions and 
simultated tests. The acceptance tests and 
guidance for selection of material are covered in a 
number of Indian standards. Those include timber 
panelled and glazed door shutters [IS : 1003 (Part 
1)-I977, IS : 1003 (Part 2)-l966], timber door. 
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window and ventilator frames (IS : 4021-1976). 
Standards have also been formulated on cellular 
and hollow core type flush doors with facings of 
plywood, particle boards, and hard boards 
[IS : 2191 (Parts I and 2)-l980J, Although in the 
earlier vensions exterior and interior type grades 
were permitted. In view of certain malpractices in 
the trade, only one grade of flush doors, bonded 
with phenol formaldehyde (BWP) are now 
recommended in the standards 

6.2.18 Poles. Poms. Pitprops and Piles 

6.2.18,1 Poles, posts and pitprops of solid 
wood are primarily decided on the basis of such 
species which are available in round form and are 
of sufficient strength. A number of wood poles 
are already in use for electric distribution system 
in several slates of India. If the species are not 
naturally durable, they require to be treated in 
accordance with 4.4. The Indian standard for 
wood poles for overhead power and telecommu- 
nication lines is covered in IS : 876-1970 which 
divides the species available in the pole form, into 
three main groups A, B and C according to their 
modulus of rupture taking sal, teak and chir as 
general reference species. Accordingly in Group 
A, there arc six species for which the modulus of 
rupture is more than 850 kg cm% in Group B 
there are 22 species for which the modulus of 
rupture lies between 630 and 850 kg/cm^. In 
Group C there are ten species for which the 
modulus of rupture lies between 450 and 630 
kg/cm\ In each group seven different load classi- 
fications as given below are recogni/ed and the 
length of the poles and the girth dimensions at 
ground line and also the girth at the top of the 
pole are given. The seven load classifications 
followed in India are given below: 

a) Ultimate breakmg load not less than 1 350 kg, 

b) Ultimate breaking load between I 100 and 
I 350 kg, 

c) Ultimate breaking load between 850 and 
I 100 kg, 

d) Ultimate breaking load between 700 and 
850 kg, 

e) Ultimate breaking load between 550 and 
700 kg, 

Ultimate breaking load between 400 and 
550 kg, and 

g) Ultimate breaking load between 300 and 
400 kg. 

The circumferences at the ground line for three 
groups of species, for the two extreme heights and 
the two extreme load classifications are given in 
Table 25 for guidance. For other cases refer- 
ence may be made to IS : 5978-1970 or IS : 876- 
1970. 
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These figures ha\e been worked out on the basis 
oi design of wood poles according to IS : 5978- 
1970 in which the pole has been considered as a 
verticle cantilever fixed firmly in the ground; the 
effect of wires have been considered, and a factor 
of safety of 'S,^ has been assumed, keeping in view 
that the lowest laclor of safety permitted in the 
speed ication is 2.5 or that which is permitted by 
the statutory rules of each state in India, based on 
Indian lilectrwiiy Act. I he factor of saiety is 
given by: 



32 



100 M 



where 



D^ = diameter of the pole at ground line 
in cm, 

R - modulus of rupture of the species, 

A/ - Af p + ill A/cn, 

A^P = f^ (/5, + 2 A) 

" overturning moment due to wind 
load on the pole in kg. m, 

Mn = (A/,u M,2. etc) - A /^("^-^) 

- overturning moment due to wind 
pr^tssure on the nih wire, 

Z), ~ diameter of the pole at the top in 
cni, 

H ~ height of the pole above the ground 
line in metres, 

U - height of the ^^th conductor in 
metres, 

S\ and Si ~ lengths of spans on each side of the 
pole in metres, 

Pc - wind pressure on each conductor 
in kg per metre run, and 

P ~ design wind pressure for the region. 
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Where stays are used, crippling load due lo verti- 
cal components of the forces in the stays is calcu- 
lated using the following formula: 

4.16Z)? 
Crippling load in kg =^ 



where 



l: 



IX - effective diameter of the pole in cm. 



0.9 (/, - 1.8) 

diameter at I.S 
metres 
II 



r / diameter at I.S v "j 

j metres from butt ) " A 
L\ in cm / '' 



Li ^ full length of the pole, 

/^ ~ length of the pole in the ground, and 

L, - effective length of the pole between 
the lop and 0.3 metres below the 
ground line in metres 
- L, - /^ + 0.3. 

6.2.18.2 Where lon§ lengths of wood poles 
would not be available, simple designs of jointed 
poles of round wood have been described in 
IS : 7610 (Part 3)-1975. Some of the various 
methods of joining and the loss in the joint 
strengths have been described in the specification. 
The general principles of grouping the species and 
selecting load classifications are the same as 
explained above. The specilication also prescribes 
the general requirements, the permissible and 
avoidable defects, and care required in the prepa- 
ration of the components. The easiest and 
cheapest type of jointed pole recommended and 
used in most of the places is the wire-bound lap- 
jointed pole which is obtained by winding two 
bands of galvani/ed wire of 8 SWG around the 
half-lap made in each of the pole sections. The 
minimum number of required turns (N) in each of 
the band in the wire-bound lap jointed pole is 
eiven bv: 



N = 






where 

N - number of turns required at each band, 

p " anticipated load + 30 percent cover safety, 

V - distance from load point to the farthest 
point of the lap, 

/: ~ 1.8 / (where t ~ breaking load of the 
wire), and 

cl = distance between central line of nearest 
band and the farthest point of the lap. 

The other types of useful joints recommended 
with appropriate criteria of sizes and shapes of 
hardware used are; 

a) V-typc lap jointed poles using flat bars or 
an^e iron with bolts. 



b) Z-type lap jointed poles using flat bars or 
angle iron with bolts, 

c) angle iron used vertically with bolts on butt 
jointed poles, 

d) half-sleeve half-lap jointed poles, and 

c) half-sleeve tongue and groove jointed 
poles. 

6.2J8.3 After dcsignmg and ercctmg wood 
poles there is a need of continuous care and 
maintenance of these poles as in the case of any 
other kind of poles particularly at the ground 
line portion- As the wood p(Ucs arc continuously 
subjected to drymg and wetting there is a danger 
of possible decay and quick deterioration at these 
portions. IS : 6711-1972 covers not only some 
erection precautions, some periodic maintenance 
and observation procedures, preparation of 
reports and remedial measures against biological 
and mechanical damages, but also methods of 
replacements of poles when they arc beyond 
remedial measures. IS ; 2203-1976 prescribes the 
species and permissible defects for wooden cross- 
arms for use with the above wood poles. It also 
deals with testing of suitability of different species 
and standard sizes for wooden cross-arms, 

6.2.18.4 Although wood poles can be 
designed and suitable species can be selected on 
the basis of their basic strength, their dimensions 
and other criteria prescribed in IS : 7610 (Part 3)- 
1975, there would still arise occasions to test the 
full poles for their behaviour under actual loads. 
This would not only give the strength data of the 
full or the jointed poles to compare with the 
design loads by taking into consideration the 
cumulative effects of all permissible defects but 
such data will also ensure the adequacy of factors 
of safety employed in pole design. IS : 1900-1974 
prescribes how the poles are tested in a fixed or 
movable crib as a cantilever taking movement of 
the load point (at a distance of 60 cm from the 
top of the pole) in the direction of the applied 
load, as well as in the direction of the length of 
the pole. It also prescribes a method of testing 
poles on a universal high capacity testing 
machine. After testing the pole in full length small 
clear specimens are taken out from the unstrained 
portions of the butt ends to find the basic strength 
of the material and compare the same with the 
observed maximum load for failure of the pole. 
The poles are generally tested in: (a) green 
condition, (b) air-dry condition, (c) treated 
condition, and (d) sometimes in air-seasoned and 
butt-soaked condition. In the recommended 
methods of tests, there are *major' tests on full 
sized poles and *minor' tests on small clear 
specimens according to IS : 1708-1969 on atleast 
one sample for each test takcti from the least 
stressed (that is, butt portions) of each pole. The 
major tests consist of: 

a) weight of the full pole, and 



76 



HANDBOOK ON TIMBER ENGINEERING 



SP : 33(S&T>-1986 



b) bending (as a cantilever in the crib method 
and as a beam on supports in the machine 
method with the load applied on the ground 
line). 

In the cantilever method the maximum fibre stress 
(/) is given by 

^ 2 

where 

P = load at failure in kg, 

/ = distance between load point and the point 
of break, 

Z = CV32 'n\ and 

C == circumference at the point of break which 
may be either at the ground line or at a 
place where the diameter is equal to 1.5 
times the diameter at the point of occurr- 
anceof the resultant load which is usually 
the load point at a distance of 60 cm from 
the top of the pole. 

The modulus of elasticity in the cantilever method 
is given by: 

where 

? = applied load at the top, 

L - corrected lever arm of the cantilever, 

Dg = diameter of pole at the ground line, 

/g = moment of inertia at ground line, 

d ~ deflection of load point in cm, and 

D\ = diameter of pole at load point. 

In the machine method the maximum fibre stress 
(/) at the ground line is calculated by: 

(r + f - Wll)a 



/ = 



0.098 2 X D 



where 



T = tip reaction at maximum load due to 
super-imposed load in kg — p.h.jL, 

t — tip reaction due to the dead weight of the 
pole, 

p = maximum superimposed load on the pole 
in kg, 

b — distance from load point to butt support 
in cm, 

L — distance between the tip and butt support, 

D\ — diameter of the pole at load point in cm, 

a = distance from load point to top support, 
and 



W = weight of the section of the pole from the 
load point to the tip end in kg. 

Similarly, the modulus of elasticity, /:, is calculated 
by the formula: 

L 3 J it\A^B(AL - Bb)\ 

where 

E = modulus of elasticity in kg./cm\ 

a ~ distance from ground line to tip support, 

b = distance from ground line to butt support, 

A = observed deflection at ground line measu- 
red from initial horizontal neutral axis, 

T ~ tip reaction from superimposed load in kg, 

A = radius of the pole at ground line in cm, 

B ~ radius of the pole at tip support in cm, and 

L = length between points of support {a + h) 
in cm. 

Where a superimposed load is measured at ground 
line the tip reaction, 7\ can be calculated from the 
formula: 



T 



-- P.^' 



' In the minor tests from unstressed or least stressed 
portions of the pole (that is, butt) the following icsts 
only are done according to IS : 1 7()S-I^6'') on small 
clear specimens 

a) Moisture content, 

b) Specific gravity, 

c) Static bending, 

d) Compression parallel to grain, and 

e) Shear 

At least one clear $pccimen from each pole is taken 
for each test from'each pole. 

6.2.18.5 Wlitre solid round wood poles are 
not available nail iointed timber poles can be made 
from small dimensioned timber planks lor overhead 
electric distribution lines lor low voltages. In this 
connection IS : 76K3-1975 permits sawn limber 
according to IS : 1331-1971 with delects permuted 
according to IS : 3629-1966. However, the 
minimum thickness of planks is recommended to be 
not less than 45 mm. The nails, as usual in all nail- 
jointed constructions, should conform to IS : 723- 
1972. In designing, fabricating and erecting timber 
posts according to IS : 7683-1975, the follouing 
aspects arc required to be considered. 

a) for overhead electric distribution at Ntiai^ht 
line locations, the post is subiccted to Ntatio 
bending caused by: (1) with load on ihe s\tr- 
face o{ the pt>sl nbove the giound, (2) wind 
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load on ilic conductors and ground wires act- 
ing on the horizontal span, and (3) unbalan- 
ced pull in the longitudinal direction due to 
breakage ol uires, At angle locations, parti- 
cu!arl> uhen guy rope ^lay is fixed, it is also 
subjected lo a vertical downward load. For 
these reasons the posts arc appropriately desi- 
gned m bending (as cantile\cr) and as a col- 
umn in aeci>rdance with IS : K83-1970. 1 he 
wind pressure on posts and wires arc to be in 
accordance with IS : 802 (Pari I)-I977. 

b) The joints arc also to be designed lor loads as 
above and shall conform to IS : 49S3-I9(>K. 
1 he number of joints should be as less as pos- 
sible and sonK type designs for a maximum 
height of K.25 m above the ground level are 
available at the Forest Research Institute. 

c) The nail jointed tmibcr posts, after having 
been fabricated according to practices recom- 
mended m IS : 7b83-197S and adopting nail- 
mg procedures recommended in IS : 2366- 
I%3, are erected well above ground level, rai- 
sed over cement concrete dwarf pillar and 
fixed by means of MS channels, bolts, or they 
are buried in ground, and encased with 
cement concrete foundation The design and 
construction of foundation for timber posts 
may be in accordance with the provisions 
laid down in IS : 4091-1979. Necessary anli- 
termitc measures may also be carried out 
according to iS : 6313 (Part 2)-198I. 

d) In the process of fabrication of nail jointed 
timber posts, IS : 7683-1975 permits a devi- 
ation of either 15 mm at the top in either 
direction, or 1 5 mm at centre in either 
direction measured from the straight line 
joining the end points of the post. Besides, 
the specification also prescribes clauses for 
marking, stacking of posts before use and 
the various stages and precautions lo be 
taken in the erection of the posts, I he pres- 
cribed painting and maintenance clauses are 
also generally in accordance with 9. 
Finally, one Gl sheet cap is recommended to 
be fitted at the top of the post for prevention 
of any rain water entering through the ends 
of the jointed pieces. 

e) Generally speaking, both coniferous and 
non-conifcrous structural timbers are consi- 
dered suitable for making of nail jointed 
timber posts, but owing to the fact that these 
posts are likely to be exposed to extreme 
vagaries of weather, careful choice of species 
with high durability, strength, and retention 
of shape are recommended in JS : 7683-1975. 
Based on these considerations and backed 
by proof tests on prototype designs with 
various species, three choices of preferences 
are recommended as follows: (I) the first is 
based on naturally durable species with high 
durability of heart wood, (2) the second on, 
moderately or non-durable species but satis- 



factorily treatable heart wood, and (3) the 
third choice with moderately durable and 
not easily treatable species, and so pressure 
processes are required to be employed. 
Where sapwood is present it, no doubt, 
requires complete treatment and protection. 

6.2.18.6 Design testing and recommended 
species for pitprops are covered in IS : 6346-1971. 
Chiefiy, they are based on long usage and 
experience and contain a high degree of factor of 
safety as the conditions in mines are very 
unpredictable. They vary very much in humidity 
and temperature and the prop should be capable 
of taking compressive and bending loads suddenly 
coming on them. Their erection and fixing are 
also such that they can be easily altered or 
rephiced from lime to time. Specification for use 
of timber in coal mines is covered by IS : 4424- 
1967 in which 20 species like babul, kokko, 
benteak, bijasal and kindal have been recommen- 
ded. Round pitprops are usually 10 to 12 cm in 
diameter and lengths vary from 100 to 500 cm. 
Rectangular bars vary in breadth from 5 to 10 cm, 
width from 10 to 25 cm and lengths from 100 to 
400 cm. In the recommended methods of tests for 
timber pitprops for mines the major tests 
comprise the following: 

a) compression parallel to grain from which 
the compression strength is calculated by SPj 
A, where S is the strength, F is the load and 
A is the cross-section; 

b) moisture distribution through the prop; 

c) weight of the prop; 

d) eccentricity of the prop which is defined as 
the percentage ratto of the deviation bet- 
ween neutral axis and the longitudinal axis 
to the length of the prop, that is. 



e - 



d X 100 



and 



e) length/ diatmeter {LID) ratio of the prop. 

From the clear specimens selected from props, the 
minor tests arc done according to IS : 1708-1969, 
on atleast 3 specimens for each test from each 
prop. The minor tests are: (a) compression 
parallel to grain, (b) static bending, ' and (c) 
moisture content. The data on major and minor 
tests help to decide the suitability of the species 
and the safe dinncnsions, and the moisture content 
required for the purposes. The above 
specifications do not indicate the minimum of 
properties required. 

6.2.18.7 Timber piles are covered in IS : 
291 1 (Part 2)- 1980. Depending on the use and size 
of piles they arc classified as Class A and Class B. 
For Class A, intended for heavy bridges, docks, 
and wharves, the butt diameter is recommended 
to be not less than 30 cm. For Class B, which arc 
generally used for temporary works and also used 



7t 



HANDSOOIC ON TIMBER EI4CINKERING 



SP : 33(S&T)-1986 



for compaction of ground, are not to be less than 
10 cm in diameter. The wood species recommen- 
ded are same as given in IS : 883-1970 and now 
covered in Appendices G and U, The general 
requirements are: 

a) lengths less than 12 m have a tolerance of 
± 30 cm, and lengths 12 m and more 
have a tolerance ± 60 cm; 

b) circumferences (measured under bark) may 
be less by 5 cm only in 10 percent of the 
piles. This condition relates only to bulk pur- 
chase rather than design; 

c) ratio of hearlwood diameter to the total 
butt diameter of the pile should not be less 
than 0.8. This is a condition to safeguard 
consequential deterioration of sapwood; and 

d) both ends should be sawn at right angles to 
the length. This is a condition to ensure the 
load axis to be well within the pile material 
and nearest to the pile axis only. 

The choice of the pile is governed by water 
table condition and otner aspects of the site. The 
bearing capacity and spacing of piles is considered 
same as for RC piles covered m IS : 2911 (Part 
I)- 1979. When test data on load bearing capacity 
is not available the load carried by the pile is 
determined by the following formulae : 

For piles driven by drop hammer: 

\6WH 



F - 



.V + 2.5 



For piles driven by single actmg steam hammer; 

^..V^ 0.2*5 

where 

P ~ safe load on piJe in kg, 

IV ~ weight of monkey in kg, 

// = free fall of monkey in m, and 

S " penetration of pile in cm to be taken as 
a\erage of three blows. 

In IS : 291 I (Part n-1979, it has been permitted 
that the normal working stress may be exceeded 
by not more than 100 percent during dri\ing 
because of impacts. Proper precautions arc also 
suggested for handling of timber piles so as not to 
bruise or damage the wood, and necessary 
instructions have been provided in the specifica- 
tion for driving, selection of pile hammer, control 
of alignment and replacement of defective piles. It 
has been mentioned in the specification that 
foundation piles, when cut off below the ground 
water level, apparently have an infinite life. How- 
ever, when the conditions arc not favourable, they 
should be given suitable treatments. 1 he following 
factors have been considered important for record 
of data in timber piles; 



a) dimension of pile; 

b) depth driven; 

c) sequence ot drivmu, 

d) final set ioi the last ten blows or as may be 
spocihed, 

c) tvpc and si/e ot hammer and its stroke, or 
with double acting hammers, the number ol 
blows per minute, and 

f) type and condition of ihc packing on the 
pile head and the dolly in the helmet. 

6.3 Timber Fasteners 

6.3.1 Ctcneral Irom the above discussions 
on trusses and special constructions it has been 
amply brought out that m all timber 
constructions, tl'.e joints are the mt)st important 
and require vei y careful consideration. 
Examination of some old timber structures and 
analysis o{ causes of their taiiurcs or their 
becoming unserviceable after some time have 
confirmed the (act that moie than ordinary 
attention is required at the design of the joints. 
Failures at joints could be cither due to 
inseqticncN of design itself not being based on well 
founded theories, test data, or also 6u^ to bad 
fabrication and fitting which develop unaccounted 
stresses and consequent shps. It has also been 
observed in some cases that bad erection and 
maintenance has also been responsible lor tailure 
ot joints due to undue mechanical damages and 
consequent decay of the material if not properly 
protected. Dtllerential moisture content and 
consequent differential shrinkage and swelling 
between the different components at the joint, can 
also be another leason of failures at the joint. 
Under these e\periences. it is obvious that the 
design engineer must develop the overall concepts 
ot all stages oi limber construction right irom the 
material stage to the actual end use in practice, 
Several R & D, efforts have been made in the 
direction of developing suitable fasteners lor most 
economical and Efficient joints for difterent types 
of constructions ito study the effects of variables 
on such joints, a^d to derive the allowable stresses 
for the different'types of fasteners. Some ol the 
attempts made if) India are given heiou and brief 
mention has \\\%o been made to explain the 
practices m other countries. 

6.2.3 /V^//.s. Spikes and Screws 

6.3.2.1 1 hcse are the most commonU used 
fasteners from times immemorial f(n- joinimg one 
member of the structure with another. However 
collection of scientific data and comparative 
studies on these have been only ot recent origin 
and the conclusions drawn from \arious soutees 
are summarized below. 

6.3.2.2 One of the eailiest attempts in India 
to obtain withdrawal resistance of nails and 
screws was published h\ ho rest Research 
Institute, Dehra Dun [Indian I'orcsi Reeoids 
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(fM) Vol. 1 No. 5 (1956) Nail and screw holding 
power of Indian timbers]. Systematic test in 
withdrawal ol nails and screws from wood were 
conducted on several samples from several trees 
of different species grown in different localities 
and the results were published under four 
conditions of testing as below. The values were 
obtained for withdrawal from side grain as well as 
end grain: 

a) Nails or screws driven in green condition 
and pulled out immediately, 

b) Nails or screws driven in green condition 
and pulled out after the material has dried 
to about 12 percent moisture content, 

c) Nails or screws driven in the dry material at 
about 12 percent moisture content and pul- 
led out immediately, and 

d) Nails or screws driven in the dry material at 
about 12 percent moisture content and pul- 
led out after a lapse of about 4 months. 

However, only one type of nail of 5 cm length X 
12 SWG diamond pointed at the end, and only 
one type of screw of 5 cm length X 8 SWG have 
been used as standard for comparison of holding 
power or withdrawal resistance of different 
species. Grouping the values of the above as 
discussed in 3.1.4 by giving suitable weightage 
factors and adjusting factors, data on 'composite 
holding power' of various species have been 
published [ste SI No. 40, Appendix B), for 
making a ready comparison of different species in 
terms of quantitative indices. Analyzing the data 
under condition (a), it has been inferred that nail 
and screw holding power roughly follows the 
following equations: 

//a = 308 p"^ for side grains and = 246 p* **' 
for end grain 
or H\ == 705 p'*' for side grain and = 440 p"' 

for end grain 

where 

H = nail holding power (or nail withdrawal 
resistance) m kg. 

//' = screw holding power (or screw withdra- 
wal resistance) in kg, and 

p - standard specific gravity (weight oven- 
dry and volume green). 

In the condition (c), the above values arc 
increased by 1.2 times for nails and 1.5 times for 
screws. It has been further observed that as drying 
takes place after nailing, the strength generally 
reduces. It may be noted that the above values arc 
obtained only for one diameter of nails or screws. 
It has been established in USA that the with- 
drawal resistance of nails (including spikes) driven 
on side grain is given by 

/> = /r pV 



where 

P = ultimate load per unit length of pene- 
tration, 

K " constant depending upon the species and 
units chosen (separate values for nails and 
screws), 

d — diameter of nail or spike as the case may 
be, 

p ~ specific gravity of the species, and 

n - power constant of specific gravity equal to 
2.5 for nails (including spikes) and 2 for 
screws. 

This equation shows that the withdrawal resis- 
tance for unit length of penetration is propor- 
tional to the diameter and so can be suitably 
extrapolated as desired. 

6.3.2.3 In the actual timber constructions 
the lateral resistance of nails and screws, some- 
time referred to as shear values, are more impor- 
tant. In foreign literature the values for specific 
species, or for groups of species are given and 
these values generally take the form of 



kd" 



where 



p = lateral withdrawal load, 

k = constant of timber (separate for nails and 
separate for screws), and 

n = 1.5 for nails (including spikes) and 2 for 
screws. 

However, in India a series of tests on different 
species have been conducted and the standard 
data of permissible lateral strength published in 
IS : 2366-1983 and 18:4983-1968, and repro- 
duced in Table 26 and 27. 



6.3.3 Bolts 

6.3.3.1 Genera! - For medium and large 
spans, such as those required for big sheds, 
storage areas, industrial trusses, bolt jointing 
techniques are more useful than nailed jointed 
members because ease of working in shops, ease 
of transport, and ease of reassembly and erection 
at the site. Usually the bolts are of steel rods with 
either square or hexogonal heads on one side, and 
threaded portion on the other side to take a 
threaded nut on the same. Washers are used 
wherever necessary and particularly when no 
plates are used. The thickness of nut is usually 
equal to the diameter of the bolt. As bolt holes 
arc primarily necessary before inserting the bolts 
it is natural that Fuch bolt hole diameters should 
be about 1 mm oversize and any forcible driving 
of the bolt may cause undue splitting or even 
introduce unaccountable stress concentrations at 
the tight points. 
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TABLE 26 PERMISSlBtK LATERAL 


STRENGTHS (IN DOUBLE 


SHEAR) 3.5?l 


mm niA 


80 mm 






LONG IN TIMBER 








Sl 


Sfk'II.s r>r 


W(Km 


For Pr.KMANtM 


f-()R 


No. 






CoNSTRrcilON 


STR^NOiII 


1 Tl.M)*UR\R> 








PBR Nail 


CdNSIRl ( ilos 












S(Ri N(; rn 


i 


r ^*— i- 


' ' '"■"■ -"■'^ 


FtR NaU 




Botanical Name 


7radc Name 


^ 








1 cngthcning 


Node ^ 


(For Boih 








jomts 


Joints 


Lengthening 

and Node 

joinls) 








M 


kg 


kg 


♦1. 


Abies pindrow 


Fir 


80 


20 


120 


2. 


Adacia arahUa 


Bahul 


150 


110 


340 


3. 


Aihizzia lebhek 


Kokko 


200 


70 


240 


4. 


Atbizzia odoratissima 


Kala slris 


140 


50 


220 


5. 


Anof(ei\^us hti folia 


Axle wood 


200 


100 


290 


♦6, 


Cahphytlum iomentosum 


Poon 


160 


90 


210 


•7. 


Cedre/a toona 


Toon 


150 


100 


180 


*K. 


Cedreia sp. 


gendhalipoma 


100 


m 


210 


•9. 


Cedrus di'odara 


tlcodar 


90 


40 


150 


10. 


Chukrasia tahulari^ 


chickrassy 


240 


XO 


270 


•11. 


Cinnamomum sp. 


Camphor (cinnammon) 


120 


90 


1.^0 


12. 


Cupresms torulosa 


Cypress 


60 


50 


IKO 


13. 


Dipterocarpus macrocarpus 


fiollong 


170 


70 


200 


14. 


Dipterocarpus sp. 


Gurjan 


190 


90 


190 


15. 


Eucalyptus cugemodes 


Eucalyptus 


170 


UK) 


3<K) 


•16. 


Grewia liliacfolio 


Dhaman 


130 


50 


240 


17. 


Lagerstroemia parviflora 


Lendi 


190 


50 


260 


•18. 


Mangifera indica 


Mango 


110 


90 


160 


19. 


Mesua ferrea 


mcsua 


260 


80 


410 


•20. 


Michelia sp. 


champ 


J30 


9() 


2(H) 


21. 


Ougeinia daibergioides 


sandan 


170 


110 


180 


•22. 


Phoebe sp 


Bonsum 


120 


60 


130 


•23. 


PinuK roxhurghii 


Chir 


IIO 


100 


160 


•24. 


Pinus wallichiana 


Kait 


70 


30 


90 


25. 


Pterocarpus dalbergioides 


f'adauk 


190 


140 


230 


26. 


Pterocarpus marsupiun 


Hijasal 


150 


120 


270 


27. 


Quercus sp. 
Schfeirhera trijuga 


Oak 


110 


110 


270 


28. 


Kusum 


2.M) 


160 


400 


29. 


Shorea robuiia 


Sal 


100 


50 


190 


30. 


Syzvgium sp. 


Jamun 


150 


120 


250 


31. 


tectona gramiis 


Teak 


140 


80 


130 


32. 


Terminaiia b^/liriia 


Bahcra 


100 


100 


140 


33. 


Terminaiia biplata 


While chuglam 


180 


90 


210 


•34. 


Terminaiia nmnii 


Black chuglam 


230 


100 


330 


35. 


Terminaiia rhyriocarpa 


Mollock 


130 


100 


190 


36. 


Terminaiia tQmentosa 


Sain 


160 


160 


290 


37. 


Xylia xyiocarpa 


Irul 


230 


60 


330 



NOTl: 

nails. 



Nails of 3.55 mm diameter arc mostly used. Ihe above values can mIso be used in 4 mm diameter, 100 mm long 



•Species requires no prc-boring for nail penetration. 



6J.3.2 Permissible stresses in bolted 
joints — Several experiments indicated that there 
is some relationships between the average bearing 
stress limit of the joint, and the ratio of length of 
the boll to its diameter in the main member of the 
joint. For this reason, different countries have 
published for the species of wood available in 
their respective countries the basic stresses, 
parallel and perpendicular-to-grain and proposed 
modification factors for different L/d ratios of the 
bolts. These stresses should not be confused with 
the working stresses of structural timbers but they 
are to be used only with reference to design of 
bolted joints only. In India, the engineers have 



been invariably using the compressive stress on 
the projected area of the bolt on the limber 
(approximately length X diameter) either in 
perpendicular direction or in the parallel direction 
as the case my be and applying a percentage 
reduction for different Ljd ratios given in Table 
28. Further, from some of the results on boiled 
joints in perpendicular direction it has been 
observed that in nlany cases the stress at propor- 
tional limit is even more than 100 percent the 
fibre stress at clastic limit obtained by standard 
test on specimens of clear wood, and it also 
depends on the diameter of the boh. Table 29 
gives modification factor for different diameters 
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TABI K 27 SHKAR STRKNCiTH VALUK OF NAILS FOR OFSfGN OF NAIL LAMINATKD BLAMS 



Si Si'icils 



■ r 



I nido Nitmcs Botanicai Names 



(1) 


(2) 


(3) 


I 


Aaniiin 


Atuoora Wtjllichii 


1 


A\ic wood ibakli) 


An(>)^t'rs,st4s fuiifofiii 


.V 


Babul 


Actnta arahUit 


4. 


Halieia 


Tftminalia hfihrka 


S 


Hiiasal 


hwoiuvpus ntanufuunt 


<v 


Btrc-h 


Hi'fu/a sp. 


♦7, 


BiacK t'hui!lam 


retmhuilia manii 


s 


Black \;ris 


Alhiz^ja (nioratissinju 


♦9 


BoriMim 


Phnehv sp. 


MO 


Champ 


Mii hi/in sp. 


♦II, 


CatTiph(tr (Cinnamon) 


Cinnanionion sp. 


12. 


Chickiassy (Andaman) 


Chukrasia iahutaris 


\}. 


Chilaiini 


Siffima wallk'hii 


*I4, 


Chir 


Ptntis ni\-hnr\*hi'f 


LV 


Cypress 


C uprr.wu.s lorulosu 


♦16. 


Deodar 


Ct'ifnts dtoihra 


♦17, 


Ilhaman (MP) 


Ort'wia tiliiwfoha 


IH. 


Dhaman (I'P) 


(irewia vesiiia 


19. 


fucalypuis 


iMialvpiL4\ ew^eniouie^ 


20, 


I'll- 


AhU's pifu/r()w 


21. 


Gamari 


(imeiina arhona 


*22. 


CIcndhalipoma (Assam) 


Ciiuirela sp. 


2.^ 


Ciurjan (Andaman) 


nipitocorpus sp. 


24. 


Hollock 


Ti'fmifut/ia rnvnocarpa 


25, 


Hotlong 


Dipierocarpus macrocarpus 


26. 


Irul 


X viia wlocarpa 


27 


.laman 


fMifcnia sp. 


*2K. 


Kail 


hnu.s exietsa 


29. 


K a rani 


Cu/lenia vxcelsa 


30. 


Kokko 


Alhizia U'hheck 


.^1. 


Kusiim 


Sihh'fihent irijuga 


32. 


I ampaii 


Dutihan^a sounneroiitHh's 


.VV 


l.endi 


Lci^vrstroimia panflora 


♦.14, 


Mango 


Man^tfcra indica 


35. 


Mesua 


Mi'saa fena 


36. 


Oak (Assam) 


Quenus sp. 


37. 


Oak (UP) 


Quercus sp. 


3X 


Padauk 


Pierinarpub ihlhvr^iokks 


*.19. 


Poon 


Cahphyllum sp. 


40. 


Sain 


Termmalia tomentosa 


41. 


Salai 


8t)Swel}io scrrata 


42. 


Sal (UP) 


Shorea rohusia 


43. 


Sandan 


Ou^cmia dalhergioifJcs 


44. 


Silver oak 


Grevillea rohusta 


45. 


leak (UP) 


Tevtona ^rmufts 


•46. 


loon 


Cedreh sp. 


47. 


Uriarn 


Bi.schtfio iavanica 


4«. 


While chugiam 


Taminalia hialata 



SrRf-Ncnii [Mk 


Nmi in kg 






^ 3,75 and 4 mm 


5 mm dia ^ 


dia nails. 75 


nails, 125 and 


and IfK) mm 


150 mm 


I^ony 


long 


(4) 


15) 


190 


275 


im 


290 


155 


255 


KM) 


145 


150 


220 


130 


190 


225 


325 


140 


205 


120 


175 


130 


190 


!20 


P5 


245 


355 


175 


255 


no 


160 


60 


90 


140 


:»o5 


2S0 


405 


130 


190 


165 


240 


KO 


115 


KO 


lis 


no 


160 


IK5 


270 


130 


190 


170 


250 


235 


340 


150 


220 


70 


120 


115 


165 


200 


290 


230 


335 


150 


220 


m) 


275 


too 


145 


260 


375 


2K0 


405 


no 


160 


190 


275 


160 


230 


160 


230 


120 


175 


100 


145 


170 


250 


120 


175 


140 


205 


150 


220 


130 


190 


180 


260 



NoTfc ' The shear .strength values of 125 and 150 mm nails arc tentatively based on linnilcd tests, that is 45 percent above 
those of 75 mm or 100 mm nails of 3.75 mm" dia. 

•Species require no pre-boring for nail penetration. 
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of bolls for design of bolted joints. This is 
sometimes referred in literature as 'diameter 
factor' (see also Examples 3 and 4). 



TABJK 28 PKUCENTAGE OK SAI K WORKING STRKSS 

FOR CAICII.ATING BKAR1N(; SIRKSS INDKR 

( OMMON BOI TS 



/,/(/ 


PtRtTM Nfif OI^ 


P^RrrsiAfit' luR 




PARAI LI I ro CiRAIN 


PfKPhNDU 1! \R lO 




CosnirfoNA 


(JRAIN 


('osnniDs 


1.0 


KM) 




100 


1.5 


KKl 




96.2 


2.0 


100 




K8.0 


2.5 


100 




KO.O 


3.0 


HK) 




72.5 


y 5 


100 




66 2 


4.0 


y(i 




60 


4.5 


yo 




55 6 


5.0 


80 




51 S 


5.5 


72 




4S 7 


hO 


65 




45 6 


6.5 


5S 




4.V() 


7,0 


52 




-40 t^ 


7.5 


46 




y) 


K.O 


40 




U5 


X,5 


^6 




My 2 


S>.0 


^4 




34,. -l 


^ 5 


M 5 




3^0 


10 


.^0 




^1 2 


10.5 






M).t 


11 






.■^0.0 


11.5 






29 5 


12.0 






2K.5 





TABI F 29 MODinCATlON I \( TOR TOR DIKKKRKM 

DIAMFTIRS 01 ( OMMO.N ROUS I SKI) FOR DKSKiN 

or BOriKI) .K)IMS IN IM KPINDUl I AR TO 

CiRAIN (OM)ITIONS 



1)1 AMI- It K (If B((l I 

IS min 



M(inf( u \(i()\ |-\( loK 

(At^o Known as OiAMhitR FAcutH) 

6 5.70 

10 V60 

12 .^55 

16 ' ^ 15 

20 .V05 

22 M)i) 

25 2 90 



6.3.4 Connectors 

6.3.4.1 General As pointed out already in 
the earlier sections the timber joint is the most 
important aspect oi any timber ct>nstruction if 
transmission of stress from one me?nhcr to 
another is to be done efficiently. When the joints 
are heavily stressed, the joint ^connectors' have 
been found to be the most effective, and in fact 
the development of these 'connectors' can be 
claimed to be the single factor which has 
revolutionized timber design and construction in 
the recent decades. The 'connectors' increase the 
area of the joint stress, thereby making it possible 
for full transmission and uniform distribution of 
stress around the joint area. Principally, they are 
of two types: (a) the wooden disc type, and (b) the 
metal type which are embedded partly in each of 



the faces of adjacent structural members, and 
used in combination willi bolls of >mall 
diameters. At the forest Research Institute, 
several tests have been carried out on these type 
of connectors and their behaviour. A tew 
experimental structures have aiso been erected 
using these connectors. Some ol these are 
discussed below. It appears no jinat aspects of 
standardization on the use ol eonnectors have 
been developed so far. However, testing and 
evaluation of timber connectors has been 
standardized as per IS ; 49()7~I%X from which a 
general guidarice may be taken ft)r determining 
the sizes of eonnectors and their spijcin^ aiso in a 
timber joint. Some useful publications on the use 
ol connectors have been mentioned in the biblio- 
graphy. 

6.3.4.2 Wooden disc dow'el connectors 

a) These are circular hardwood discs, slightly 
tapered each way from the middle so as to 
have a shape of a double conical frustum. 
This is tight fitted into a pre-bored circular 
recess, half in each adjacent member of the 
joint. The members and the disc between 
them are held together by means of a bolt 
passing through their centres. The wood- 
working operations for preparing the discs 
and making corresponding circular grooves 
with appropriate bolt-holes are usually done 
by specially designed tools. If done by hand 
they require fair amount of skill to obtain a 
proper fit of the dowels in the matched cir- 
cular grooves of the members of the joint. A 
typical example of joint with dowel disc can 
be seen in Fig. 15. 




MS B0L1 



(All Dimensions m mm) 



Fki. 15 Typical Example of Lfngtufning 
Joint with Disc Dowfls 

b) The chief characteristics of the wood for 
making dowels arc: 

1) high shear strength, 

2) high compressive strength parallel to 
grain, 

3) good retention of shape under shrinkage 
and swelling forces, 
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4) low refractory characteristics, 

5) high durability of heartwood, and 

6) straight grained and free from other 
strength influencing defects like decay, 
splits, knots etc. Some of the Indian 
species found suitable for the purpose are 
babul, dhaman, irul, sissoo, sandan, axle- 
wood, pinkado and yon. The discs are 
preferably made from quarter sawn 
planks of about 25 to 35 cm thick and 
seasoned to about 12 percent moisture 
content. They should be free from sap- 
wood. However, where preservative treat- 
ment is required, this should be done 
properly. As the discs are generally hid- 
den inside the structures, and not visible 
from outside, the condition of the disc in 
the course of life of the structure will not 
be known or easily observable periodi- 
cally. In storage, great care should be 
taken to see that the discs do not in any 
way deteriorate. Sometimes, finished 
dowels are dipped in hot creosote for 
about an hour and stored for use. They 
should be well wiped and cleaned before 
fitting. 

c) The wooden disc dowel in a joint is subjec- 
ted to shearing at the mid-section and comp- 
ression along the grain at .the bearing sur- 
face. Hence equating the above forces; 

__=._ or 



2/ 



where 

d = mid diameter of the dowel, 

/ = thickness of the dowel. 

5 = safe working stress of wood in shear along 
the grain, and 

c = safe working stress for compression along 
grain. 

6.3.4.3 Metal connectors 

a) These have not made much advance as yet 
in timber engineering fields in India. Only 
some stray attempts seem to have been made 
on ring type of metal connectors. Further 
R&D efforts arc still in progress in the 
country. In the United States alone more 
than sixty different types of metal connec- 
tors have been patented. Among the com- 
monly used, the most popular types are split 
rings, toothed ringi, male and female claw 
plates, spike grids, shear plates and clamp- 
ing plates. They are made of different sizes 
to suit the different sizes of structural 
members and their characteristics and pre* 
cautions to be taken in their use, etc, are 
usually published by the manufacturers 
themselves for the designer to make a 
proper selection. 



b) Because of the different nature of materials 
of wood and metal which come in contact at 
the joint, it has not been possible to apply 
simple laws of mechanics and theory of elas- 
ticity to obtain exact distribution of stress 
in a joint. Hence dependence of test results 
is often the criteria for designing the joints 
with metal connectors in wood members. 

c) In using the metal connectors in various 
structures some design considerations have 
been recommended in Appendix C of 
IS : 4907-1968. According to these, the 
allowable load for any joint using connec- 
tors should be calculated by multiplying 
the *conncctor-factor\ number of con- 
nectors in the contact faces and the working 
load for the species. The deviations from 
allowable loads can be in accordance with 
the following: 

1) When allowable load is reduced due to 
edge, end or spacing distances, this 
should be determined separately for each 
connector and the lowest allowable load 
so determined should be applicable for 
all connectors resisting a common force 
in a joint. 

2) Reduction in load due to the end, edge 
and spacing distances are not additive 
but co-incident. 

3) Loads reduced because of thickness of 
members do not permit reduction in 
edge, end and spacing distances without 
further reduction of load, and conver- 
sely, loads reduced due to end distances, 
etc, do not permit reduction of thickness 
of members. 

4) when more than one connector is used in 
the same contact face, they are to be 
placed symmetrically on the face of con- 
tact, taking care to see that the minimum 
of edge, end and spacing distances are 
permitted duly within the maximum 
space available. The ratio of connectors 
actually used to connectors required 
should not be more than 2. AH connec- 
tors and bolts used should be of the same 
size, shape and material throughout the 
design. It would be necessary to place 
the connectors so that the angle of re- 
sultant load-to-grain should be more 
than 45° in order to get best perfor- 
mance, and that all loads or components 
thereof should act in the same direction 
on all faces. The maximum allowable 
load in the case of multiple connectors is 
the summation of allowable loads for 
each connector used, provided there 
arc not more than three connectors on 
each contact face. For each additional 
connector, usually one-third of the 
allowable l6ad of the same should be 
acceptable for calculation of the total 
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toad. ] he minimum connector spacing 
(R) al any angle of loading (d) is given 
by: 



R 



AB 



x/J^lI^rT'TTm^ 



where 



A - minimum connector spacing for the 
0"" loading, and 

B~ minimum connector spacing for the 
90" loading. 

The location of the connectors is determined by 
the intercept of the diameter of the ellipse whose 
axis in the direction of the grain is A and in the 
perpendicular direction is equal to B, In the case 
of two connectors in the same face placed as per 
the above formula the directions of the load and 
connector axis, coincide with each other but in 
case there are more than two, the axes of the 
different connectors may make different angles 
with the direction of grain {see IS : 4907-1968) 

6.3,5 Fini^er-Jointin^ 

6.3.5.1 These are essentially longitudinal 
joints which are slowly finding favour due to 
simultaneous development of strong, cold setting 
synthetic adhesivcs. 1 he joints themselves have 
proved much stronger than the wood itself. At the 
ends of the limber members a set of uniform 
tapered projections are made by machines to tit 
into exactly corresptmding V-shapcd grooves in 
the opposite member. Ihe strength o( the joint 
naturally depends on the geometr\' of projection 
and the corresponding groove but no systematic 
studies seem to have been published as yet, which 
is a pre-requisite before any allcmpl on their 
standardi/xition is m^de. However, this newly 



developing field seems to throve immense 
opportunities ior utilizing shi>rt dimensioned 
stock for developing several types of timber 
structural units, both laminated and solid. This 
can well be one of the imp(^rtant directions for 
reducing wastage and for rational utilization of 
timber in engineering practices {see Fig. 16). 

7. TKSr METHODS I OR TIMBKK 
STRICTURFS AND COMPONENTS 

7.1 Introduction Although in the application 
of strength data and design of a limbei structure, 
considerable amount of statistical considerations 
go in, and the data used has somctmies 95 lo 99 
percent confidence limits. There are factors 
particulariv in fabrication and erection, which 
cannot be predicted at the tune of design, to 
evaluate the exact chances that are being taken 
inspite of an\ codified rules and precautions. 
I here are also factors of freak alignment of wood 
cells inside the wood material, atmospheric 
weather and changes in sorrounding humidity and 
temperature, and unpredictable behaviour of 
different types of components used in joints, etc, 
which may throw some elements oi uncertainty. 
In consideration of all these, and also in view ol 
no adequate experience in India of any extensive 
use o{ designed timber structures, the engineer 
often wishes to rely on some ivpes of actual tests, 
whether of lull scale m open air or model tests in 
laboratories. lests on structural sizes oi timber, 
other than those t)n small clear specimen, have 
already been dealt with under 2.1 and are covered 
in IS : 240H-1963. Other lests on components, full 
sized trusses, etc, developed in this cotmtry are 
dealt with in the following paragraphs. The full 
size tests are usuallv of two ivpes: (a) destructive 
test in uhich case the behaviout oi the structure 
as a whole is examined until it is loaded to failure. 






Fig. 16 Finger Joints 
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and (b) proof test in w hich the structure is loaded 
lightly in excess of the design load, and the 
behaviour of the structure is examined over a 
length of period under actual service conditions or 
simulated under accelerated conditions. 

7.2 Destructive Tests 

7.2.1 Objectives The Forest Research 
Institute had conducted several destructive tests 
on various types of timber trusses and these have 
been reported in different publications {see 
Appendix B). fhe methods oi loading and 
procedures of testing often varied depending on 
the objectives and the specific design. Mouever, 
the destructive tests on nail-jointed timber irusses 
has been standardized in IS : 4924 (Part I)-l%8. 
The general principles outlined in this 
specificaiion can be adopted for other types of 
trusses also. In this specification the main 
objectives of the tests have been identified as: 

a) 'I o determine the strength of members and 
joints under 'simulated' service conditions of 
loading assumed in design. 

b) To measure maximum deflection of various 
node points o^ the bottom chord under 
loads of varying magnitudes and compare 
the same with the calculated and expected 
deflections and to determine the overall 
stiffness of the trusses. 

c) To evaluate ^apparent' and *actuar factors of 
safety. The apparent factor of safety is de- 
fined in IS: 4924 (Part 1)-I968, asthe^averge 
ultimate load taken by the truss at failure, 
divided by the total load for which the truss 
IS designed', which for a nail-jointed timber 
truss has been fixed somewhat arbitrarily to 
be not less than 2.5, Similarly the actual 
factor of safely at failure is defined as 
'maximum force produced at the point of 
failure of the member due to tola! ultimate 
load divided by the force the actual section 
can take at the point of failure' which for 
nail-jointed roof truss is somewhat 
arbitrarily fixed to be not less than 2.0. 

7.2.2 Procedures 

a) The trusses to be tested arc to be fixed 
firmly on timber pillars or masonry pillars 
with sufficient clearance under the bottom 
chord for observation, loading, etc. The 
loads equivalent to 1.25 times the total 
design loads are applied in equal increments 
at all node points in the top and bottom 
chords, by means of hanging platforms to 
conform to the actually applied conditions 
in constructions. Lateral stability of the truss 
may be secured by placing a similar truss at 
suitable distance to simulate rigidity as in 
actual use through purlins, etc. Care should 
be taken to see that the truss under test 
receives only lateral restraint and not 
vertical restraints. Suitable dial guages or 



deflection measuring instruments may be 
placed at the centre of the bottom chord and 
also at lengthening joints to measure any 
slip in the same. These can also be placed at 
other relevant points where the deilection is 
to be particularly noted. 

b) After 24 hours, the truss is completely 
unloaded and reloaded again up to failure 
by adding equal increments of loads with a 
lime interval of five minutes to allow sett- 
ing before noting the detlections. In case of 
ceiling loads, the bottom chord of the truss 
should be loaded u\i to design load. At each 
observation, the loads at heel points and 
at all node points, the deflection readings 
and time intervals should be carefully 
noted. The initial, final and residual deflec- 
tions are to be calculated and the details of 
the failure should be clearly recorded. The 
'apparent' and 'actuaP 'factors of safety' are 
10 be calculated as mentioned above. The 
allowable deflection, as calculated by the 
following formula, should be compared with 
the actual deflection observed 



A- 



IX 



{see IS : 4924 (Parts 1 and 2)-I96K] 



where 



A ~ allowable deflection in cm, 
N. F. U, L 



E ~ modulus of elasticity of timber in 
kg/cm% 

N — number of planks in a member, 

F— force induced in a plank due to design 
load in kg, 

(/-force induced in the members of the 

truss due to unit loading iti^kg placed 

where deflection is required to be 
found out, 

L = Length of the member in cm, and 
A — total sectional area of the member 
in cm\ 

7.3 Proof Tests 

7,3.1 Ohjectives -- In these type of tests 
known as proof tests, the main objectives are to 
observe the joint slips (instantaneous 
deformation) and creep in timber roof trusses 
under prolonged loaditigs, and under simulated 
service Conditions. Thus the stiffness of members 
and joints is determined instantaneously, and over 
a long period as a whole. This would also help to 
decide on the provision of initial camber in the 
bottom chord during fabrication stage. These 
studies will also provide studying the effects of 
variables due to normal building openings. 
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7.3.2 Procedures - The general procedures 
required for supporting loading arrangements, 
obtaining lateral stability, and measuring 
deflections are, in general, same as described in 
7.2.2. The test loads are kept constant either until 
a permanent set is reached or for a period of one 
year whichever is less. The dellections at the 
centre of the bottom chords (or at any other place 
where it is specifically required) are recorded 
everyday. A record should also be maintained of 
diurnal and seasonal variations of atmospheric 
conditions. In the end a graph is plotted between 
deformation and time, in !> : 49/4 (Parts 1 and 
2)-l%8, an interpretation is given that the initial 
instantaneous deflection, as usually observed in 
the *time-slip' curves, is due to joints and further 
deflections are due to creep of timber. This may 
be taken only as general guidance and more 
sophisticated methods of measurements at the 
joints and in timber members will indicate more 
accurate picture. It can be possible that the initial 
instantaneous deflection can be partly due to 
mechanical slip at the joints and partly due to 
reversible elastic deformation of members. 
Further increase in deflection with time under the 
same load is also to be interpreted in terms of its 
recoverabilily whether the creep is primary or 
secondary, or whether it is a phenomena of 
further slip in joints due to gradual realignn^cnls 
in the fo(c,;> and members caused due to initial 
instanteneous slip. Normally no creep, whether 
primary or secondary, should occur in any 
member in view ot the fact that due care was 
taken in deriving the working stresses. 

7.4 Tests on Joints and Connectors 

7,4.1 As the most significant advances in timber 
design have resulted through development ot 
metal connectors such as split rings and shcai- 
connectors, it has become necessary to know the 
detailed functional aspects of these connectors. 
For this purpose, in order to evaluate the mam 
characteristics of such connectors, iS : 4907-1968 
has been prepared t6 standardize the ctmditions 
and procedures for testing these connectors so 
that their characteristics are comparable. These 
tests have also served as a basis for developing 
design criteria for their use, and also for 
determining the effects of various influencing 
factors, such as species of wood, thicknesses and 
widths of members, end margins, spacing, and 
moisture content of wood. 

7.4.2 For purposes of the above tests, three 
groups of species are chosen; Ciroup A species 
which differ in compressive strength from that oi 
*sar by ± 30 percent, Group B species which differ 
from compressive strength of *ieak' by ± 30 
percent and Group C species which differ in 
compressive strength from *chir' by ±30 percent. 
All species are to be used in green condition and 
also at 12 ± I percent moisture content. The 
dimensions and the distances of connectors from 
edges and ends of test pieces in the tests parallel 
and perpendicular to grain are required to be as 
given in Fig. 17. 
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The rale of load application should be uniform 
and continuous at the rate of i mm min until the 
maximum load is reached, from the load-slip 
curves, the shp at proportional limit also is noted. 
In each case the connector tactor (CT") is 
calculated as below and is used in determining the 
allowable load. 



CF 



JF 



mn 



where 

yr - joint factor, which is the ratio of percent- 
age of load developed to the full load 
which the member may take without the 
joint (The loads may be taken either at 
the maximum load for failure, or it pro- 
portional limit of the slip, or at the 
specified sHp, as required for compari- 
son or design); 

n — number of connectors tested in each con- 
tact face when multiple connectors are 
used for tests in specific designs; and 

m - number of contact faces. 

7.4.3 Whenever special tests are required in 
connection with design ol a particular timber 
structure, additional inlormalioii on minimum 
and maximum end-distances and edge-distances 
for the required working kxid both lor tension 
and compression loadings would be useful. 
Besides, if a chart is drawn between the 
percenUige of lull load at \anoiis edge distances, 
and for various inclinations o\ joad-to-grain, then 
it may be seen that the relati«.)nship between such 
percentages t>f full load, and edge distances is 
linear and separate for different angles. Similarly 
separate charts for enii distances would also be 
useful to decide on iinal placing o'i the connectors 
with rctercnce lo the sizes o\ members, their 
inclinations and loads, Where multiple connectors 
arc used, the relative spacing between the 
connectors would also be required. Necessary 
precautions in the use of such connectors have 
already been described in 6.3.4.3(c). 



8. FABRICATION, CONSTRUCTION 
lVtETH(M[3S AND PRtC Al TIONS 

8.1 General 

8.1.1 It has been amply brought out in earlier 
sections that the safety of timber structures 
depends not on merely safe design or selection of 
careful material but equally on the care taken in 
fabrication, construction and erections. There are 
no separate standards on the subject but relevant 
clauses are available in respective standards. 
Some of essential features of fabrication have 
already been discussed under 6.2 and 6.3. 
Sometimes the design takes care of the fabrication 
and construction difflculiies, though it is not 
always possible to do so. In the foregoing 
paragraphs, only some of the general methods 
employed for fabrication and erection of different 
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a == 3c, b < 2x, c < 1 .75x, d = 2e, e < t and f = 2c 
17A Strength Test Parallel to Grain 
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a = 3b, b < 2x. c = 1 . 1 b, d = 2c and e < t 
178 Strenfltti Test Perpendicmar to Grain 
Fio. 17 Strength TtsTs oi Connectors Parallkl and Perpendicular to Grains 
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types of structures are briefly discussed. In the 
country, some claims are often made that timber 
fabrication does not need highly skilled labour 
and simple tools are normally sufficient which 
reduce the cost of labour. Fhese may be true as 
compared with workers dealing with other 
materials of construction. However, within the 
same field, the wood worker employed on 
fabrication of timber structures, though working 
with somewhat similar tools should be one who 
can understand some of the implications of wood 
working particularly if he goes beyond the 
permissible tolerances of working. He should also 
be familiar with behaviour of timber in question 
under the action of different tools he employes, 
and how best to get the finish nearest to the 
constructional design. That is, he should be well 
acquainted with the working qualities of the 
species. He should know, for example, how the 
several deviations of grain in a long member may 
create any eccentricity and deviate from the 
assumption that the central line of force passes 
through the axis of the member. Thus, even if 
semi-skilled labour is occasionally employed, a 
perfect supervision is essentially called for to 
coordinate the different operations carefully and 
accurately. At all stages of production of 
structural units, their fabrication, etc, it is 
essential that due care is taken to stack the timber 
neatly and properly to avoid contamination or 
damage by exposure. 

8.2 Fabrication and Assembly 

8.2.1 At present there is no organized 
production of structural units in any factory for 
mass supply in India. Whenever a large number of 
units of the same type are required, stray efforts 
are made for labour saving methods locally and 
introduce some economy. However, in the timber 
engineering practices there is some awareness for 
developing modular systems for introducing 
coordinated economy in handling, transport, 
fabrication and erectic^ as is very common in 
other developed countries. It is recognized that 
conventional limber structural designs and 
constructions are not found suitable for pre- 
fabricated modular design. Instead of using long 
length and thick sections of timber, as in earlier 
days, new tendency is developing to use shorter 
lengths with appropriate fasteners and simple 
jointing devices such as nail-jointing techniques. 
The modular coordination contemplated is on the 
basis of basic module I M equal to 100mm, 
corresponding to NBC (Part VI). Other 
recommendations therein, are also easily 
applicable to timber structures. Accordingly, the 
dimensions of modular door apertures are of 20, 
22 and 24 m in height, and 7, 8 and 9 m in width. 
Similarly for window apertures 12 and 22 m arc 
the heights, and 9 m is the width. However, the 
panel products sold in this country, having been 
largely produced on Imported machinery, are still 
sold and demanded in the market on the basis of 
8' X 4'. Continuous and rigorous efforts are still 



being made at least to rationalize the above 
dimensions into standard metric equivalents. 
Usually the various components, such as timber 
cleats, splicing plates, boards and required 
notches in beams are first prepared in workshops 
according to relevant drawings and given the 
necessary treatments also. Other hardware like 
nails, bolts, clips, fasteners and corresponding 
drill bits and chisels for pre-boring and chipping 
operations are kept ready for different stages of 
fabrication and assembly. Bolt lengths should be 
such that extra threads would be available for 
tightening to compensate for permissible 
variations in the sizes of mem bers a nd for 
tightening after any shrinkage occurs. If 
fabrication is accurate, assembly becomes 
comparatively simpler. Usually assembly is 
recommended as near as possible to the erection 
site. 

8.2.2 Fabrication Machines and Tools 

8.2.2.1 Normally an ordinary saw mill, 
woodworkshop and wood working tools form the 
major part of the equipment for fabricating 
timber structural units. These are the band saws, 
the circular saws for ripping and cross-cutting, 
jointers, planners, moulding machines, boring 
machines including mortizing and tennoning 
machines. Among the hand tools, the hand 
planes, chisels, augers, borers and mallets are 
required. In addition to these, appropriate glueing 
and pressing equipment also would be needed, 
where necessary. However, where special joints 
are to be made like, dowel disc connectors and 
finger joints, special types of machines may be 
sigged up, or some of the above machines may be 
suitably modified for the needed accuracy in 
fabrication. The Forest Research Institute has 
developed a few of them as described below. 

8.2.2.2 A finger jointing machine has been 
developed consisting of high speed steel cutters, 
mounted on a horizontal spindle. It rotates at a 
very high speed as are most of the other wood- 
working machines. When the plants are fed, end 
on, through a sliding platform, the V-shapcd 
finger grooves bf desired dimensions are made. 
Two members 'are then joined end to end by 
interlocking, glueing in the grooves, and applying 
the required pressure. In some foreign countries, 
all the above processes arc automatically done 
continuously and in proper sequence so that 
production costs are kept at a minimum. 

8.2.2.3 A modified drilling machine which 
can cut circular recesses in limber and which can 
prepare the required disc dowels with tapers has 
been developed at the Forest Research Institute, 
Dehra Dun, for 76 mm diameter and 25 mm 
thickness. This has been successfully used for 
fabricating trusses of different spans. 

8.3 Light and Heavy Constructions 

8.3,1 Although, in India, examples exist of 
several types of timber constructions, such as 
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timber trusses for a variety of roofs, lamella 
constructions, bridges towers, poles and posts, 
there has been no specific effort to standardize 
what may be classified as light constructions and 
to draw a distinction between them. As already 
discussed under 6.2 and 6.3, the different types 
chosen to meet the heavier loads and increased 
spans as per the needs of the design may fall 
under the definition of heavy constructions. 
Sometimes multi-planner constructions (that is, 
with two or more solid members) are preferred for 
heavy loads and longer spans as compared to 
mono-planer constructions (That is, with single 
solid members), as the former are stiffer than the 
latter. I'hey allow greater stresses in multiple 
shear as against the spice plates in mono-planer 
constructions. However, in some of the western 
countries the light constructions treated slightly 
different from heavy constructions, as in the latter 
the options are less compared to the former. 

In light framing, generally it is not necessary to 
develop the full strength of all members at the 
joints as it is felt that the load bearing members 
are seldom stressed to maximum capacity. 
However, it is essential that the joints must be 
amply strong and rigid to transmit all the loads. 
The assembly and fabrication aspects become 
somewhat simpler. In heavy timber framing the 
weakest point is always identified, and it is often 
recognized as the jomt, and so its design and 
fabrication is such as to develop the full strength 
of the connecting members. To a large extent the 
framing carpenter should be fully aware of any 
shortcomings in fabrication that may reduce the 
effectiveness of the joint. In general, where it is 
possible to secure chords of full lengths and avoid 
joints, it may be better to use long timbers even at 
the expense of increased costs. Li^ht construction 
material has greater suceptibality to weather 
conditions than those intended for heavier 
constructions. Particularly the angles between 
various members may get distorted under 
unfavourable circumstances such as bad weather 
and over hanging loads if not properly stacked. 
Care should be taken to avoid these situations. 

8.3.2 for making trusses and nail joints it is 
the usual practice to make the layout of the 
structural unit on a level platform ground, 
marking clearly the widths of various members. 
Hardboard or plywood templates of various sizes, 
as required in the drawings, must be prepared first 
to indicate the nail or bolt positions. These can be 
used to transfer the markings to splice plates of 
the members, and then necessary pre-boring is 
done on them as required. First a few nails are 
driven partly and temporarily at various points to 
form a complete skeleton and check the profile. 
Finally, the nails or bolts are carefully fixed from 
both the faces as per the drawings. 

8.4 Erection and Fixing 

8,4-> Erection equipment are cither locally 
improvi/ed by pulleys or special equipment 



obtained on the basis of the loads to be lifted to 
the heights, and the working spaces for erection. 
Roof-framings often present some ha/iirds after 
erection has commenced, and as the joists, etc, gel 
installed in the respective places. Adequate 
bracing of bailies, etc, are recommended for 
keeping ail the columns firmly in position. In all 
erection stages, it should be ensured that the 
minimum of erection stresses come into play as 
usually these are not provided at the time of 
design. After erection and fixing, all joints should 
be carefully checked and bolls tightened, wherever 
necessary. The structure should be periodically 
inspected and its stability should be ensured under 
the varying environmental conditions. 

8.4.2 If any member gets damaged cither in 
erection and fixing or in subsequent use, it should 
be comparatively easier to replace or reinforce in 
timber structures than in other types of structures. 
Consistent with the economy, adequate facilities 
should be readily available for all such 
eventualities. 

9. WOOD FINISHES, PROTECTION 
AND MAINTENANCE 

9.1 Wood Finishes 

9.1.1 Like any other material of construction 
wood also requires to be appropriately surface 
coated and periodically maintenance measures are 
taken in order to obtain the best life from the 
same. The process commonly known as 'wood 
finishing' consists of first preparing the surface 
and then application of a continuous layer of a 
coating on the surface of wood. The principal 
objectives in this are: 

a) protection to the surface of wood against 
some damages; and 

b) Obtaining the required appearance or 



•Sometimes both the above would be needed, and 
sometimes the main emphasis would be on one or 
the other of the two mentioned above. Sometimes 
the surface properties like abrasion, hardness, etc, 
also arc intended to be improved which can also 
be classified under 'protection* against possible 
mechanical damages. 

It should, however, be remembered that wood 
finishing is not a preservation technique as wood 
preservation against biological damage is 
commonly understood. Although wood finishing 
has been in practice from times immemorial, the 
exact mechanism of adhesion of the coated film to 
the wood, is still a matter of considerable 
theoretical discussions. But mainly, two aspects of 
the mechanism are recognized: 

a) 'mechanical adhession' by which the applied 
coating enters the minute cavities on the sur- 
face of woods, gets dried and hardened and 
provides a strong layer of film on the top; 
and 
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b) 'specific adhesion' by which there are inter- 
acting chemical forces between the surface 
of wood and the chemical constituents of 
the applied coating resulting in a smooth 
continuous film on the surface of wood. 

Thus the former is dependent somewhat on the 
physical nature of wood surface and the latter 
depends somewhat on the chemical nature of 
wood surface . F or these reasons, preparation of 
wood surface (such as a sanding or applying 
suitable pre-coats) becomes an important 
operation before any surface coating is applied, 
and the degree of such a finish varies from species 
to species. 

9. 1 .2 Type of Wood Finishe v and Ba sir 
Materials — From the point of drying there are 
principally two types of coatings: 

a) which dry through irreversible chemical 
reaction, and as such cannot be brought 
back to the original condition; and 

b) which dry by evaporation of the solvent and 
so can be brought back to the original con- 
dition by the same solvent. 

Sometimes a combination of (a) and (b) occurs 
in which the evaporation of solvent causes the 
initial set and then the oxidation of oils or 
polymerization of resins set in. As the nature of 
oil or resin is thus altered, so the reaction is 
irreversible. Ihe primary basic materials used in 
wood finishes and their functions are the drying 
oils and resins (which provide the continuity in 
the film), the pigments (which provide the desired 
colour and ensure capacity), and the volatile 
solvents (which regulate the consistency). Some of 
the secondary materials arc plasticiscrs and driers 
which are employed, when necessary, to impart 
special properties like removing of brittleness, 
increasing hardness, etc. The principal classes of 
wood finishes arc the ft^lowing: 

a) Shellac This is n^ade by dissolving the 
oxidation of lac insect (Tacherdia lacca) in 
alcohol or alkaline water. It forms a quick 
drying permanent film of low strength. 

b) Varnishes- These are large groups of 
somewhat transparent finishes with varying 
properties. They are usually prepared from 
natural or synthetic resins, mixed with dry- 
ing oils and volatile thinners. Other chemi- 
cals are also added, sometimes to achieve 
the keeping qualities and easy spread. They 
dry quickly by evaporation of thinners, 
oxidation of oils or polymerization of resins. 

c) iMcquerS' These are the surface coatings 
used whenever shining appearances are 
required, and so they are often used for art 
objects and some types of decorative panels. 
Formerly these were obtained from plant 
origin {Rhus verniciflua trees grown in Japan 
and China) and were sonietimes refered 
to as 'oriental lacquers*. Presently many 



many synthetic lacquers are available. These 
arc obtained by dissolving resins and cellu- 
lose esters (nitrates) in different solvents. 
Ihey are very quick in drying clearly trans- 
parent, glossy, and generally unaffected by 
temperature or mild acids and alkalis. 

d) Paints— J)\t%t are purely mechanical 
mixtures of pigments and vehicles, thinners, 
driers and varnishes, etc. The required 
colours may be obtained from some inor- 
ganic salts as zinc oxide or lead carbonate 
for white; lead chromite or ferrous oxide 
for yellow; lead oxide for orange; ferric 
oxide, lead-oxide, some mercuric com- 
pounds for red; chromic oxide for green, 
lead sulphide for black, etc. In earlier 
years organic colouring materials of natural 
origin have also been used such as blues 
from indigo, etc. For various IS colours, a 
reference may be made to IS : 86-1950 and 
correspondingly relevant standards for 
obtaining such colours. 

e) Enameis These are various types of var- 
nishes or lacquers together with some 
opaque pigments for colour in order to 
obtain improved wearing properties of the 
coated film. They give smooth and tough 
surfaces. 

Fillers and sealers fhesc can be either 
coloured or uncoloured as desired. They arc 
used primarily as base material to prevent 
excessive penetration of sub.sequcnt coating 
and provide for its easy spread. 

A number of commercial wood finishes are now 
available in Indian markets. Before applying the 
same on any wood surface, unless their 
ingredients and their effects are well known, it 
would be useful to check in each case the relative 
claims of various commercial wood finishes by 
actual field trials, and wherever possible, by 
accelerated weathering tests in laboratories with 
requisite facilities. Some similar tests may ^Iso be 
done at site on snfiall sample surfaces. However, a 
knowledge of various factors which influence 
wood finishes ^ould help the selection of the 
appropriate woo<J finish in relation to the species 
of timber actuall]^ in use. There are also a number 
of Indian Standards available for different types 
of wood finished as mentioned in 9.1,4. 

9,1.3 Factors which influence wood finishes 
are as follows: 

a) Nature of wood - A coating which is pro- 
periy and uniformly done, is not generally 
affected in its early life by the kind of wood, 
but after some ageing under different types of 
exposures, etc, the nature of wood deter- 
mines the rate of disintegration of the 
coating. In soft woods, particularly where 
its resin content is high and in which for- 
mation of early wood and late wood are 
distinct, there will be some cracking of the 
coating and damages, particularly in such 
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coatings which have lost their toughness 
due to ageing, they adhere only mechanically 
to the late wood on account of its compara- 
tively better dimensional stability. In hard- 
woods, coatings remain stable comparatively 
(or longer periods in lighter woods than in 
heavy and harder woods. Diffused porous 
woods are said to hold paints better than 
ring porous woods, and so also sapwoods 
provides better mechanical adhesion than 
the heartwood. 

b) Extractives in wood- Leaching of extrac- 
tives may sometimes have an adverse in- 
Huence on surface coatings, but otherwise 
their presence as such in the wood itself 
is not always unfavourable. It is the nature 
of extractives that is more important than 
the amount of extractives because of their 
chemical behaviour. 

c) Physical properties ~~ Unless properties like 
thermal expansion, water absorption of the 
films, etc, match also with similar properties 
of wood, certain amount of incompatability, 
may arise. Any action of ultraviolet radia- 
tion may disintegrate some of the paints. 
Commercial paints are therefore generally 
prepared for wide spectrum of variations of 
physical properties. The moisture protective 
effectiveness of the film is calculated by: 



£ = 



{A-B) X 100 
B 



where 



E ~ moisture protective effectiveness, 

A - gain in the weight of specimen without 
the finish, and 

B - gain in the weight of specimen with 
finish when both the samples are 
exposed to dampness under identical 
conditions initially as well as during 
the experiment. 

9.1.4 Relevant Indian Standards available for 
some types of wood finishes are indicated below. 
It is not mentioned clearly whether the 
recommendations made in the specifications are 
applicable uniformly to all species of wood and, if 
not, the species characteristics may sometimes 
introduce relevant changes. 

IS : 75-1973 Linseed oil, raw and refined 
{second revision) 

IS : 155-1950 Ready mixed paint, matt-black, 
for use on wood 

IS : 162-1950 Ready mixed paint, brushing, 
fire resisting, silhcatc type for use 
on wood, colour as required 

IS : 337-1975 Varnish finishing, interior 
{first revision) 

IS : 347-1975 Varnish, shellac, for general pur- 
poses {first revision) 



IS : 349-198! Lacquer cellulose, nitrate, clear, 
finishing, glossy for metal 
{first revision) 

IS ; 524-1968 Varnish, finishing, exterior, 
synthetic {first revision) 

IS : 3536-1966 Ready mixed paint, brushing, 
* wood primer, pink 

IS : 3585-1966 Ready mixed paint, aluminium, 
brushing, priming, water 
resistant, for woodwork 

The important standard which is often referred, 
where wood finishing is to be done in a standard 
way is IS : 2338 (Parts I and 2)-l967. Part I deals 
with operation and workmanship; and Part 2 with 
schedules for different types of final finish 
required, such as enamel, oil gloss, fiat, varnish or 
grained work separately for exterior and interior 
new wood work. The operations and 
workmanship are discussed below. 



9.2 Application Methods 

9.2.1 Before applying any coating of wood finish 
on the surface of wood, the same must be 
properly seasoned and sanded to the requisite 
moisture content and smoothness, and cleaned 
well. Whenever necessary a primary coating is 
given and when it becomes dry the main wood 
finish is then given in one or two coatings as may 
be required. Generally the prime coating and 
subsequent coatings are applied by brush for all 
wood works in position in various buildings and 
structures. When spraying is adopted care should 
be taken to see that the spray does not fall on 
unwanted areas. While careful spraying gives 
compartively fine and thin uniform coatings, there 
may be some wastage caused due to the spray 
falhng beyond the required area of the wood 
work. But spraying is comparatively quicker 
method of application than brushing for the same 
area and for the same finish required. Spraying is 
invariably adopted when finishing is done on 
wood work components individually in the pre- 
fabrication workshops. For greater details on 
selection of coating materials, priming stopping, 
filling and application of undercoats, reference 
may be made to IS : 2338 (Parts 1 and 2)-1967. 

93 Maintenance 

9,3. 1 Maintenance of wood work in any 
building or structure is as important as design, 
fabrication and erection. Inspite of many 
precautions taken for increasing the dimensional 
stability of wood and decreasmg the causes of 
decay, there may still be some factors, particularly 
in the structure of wood, which have not received 
full attention. These are mainly the differential 

Physical properties arising out of non- 
omogeneity of wood structure. Some type of 
deterioration is also attributable to inadequate 
treatment processes in the initial stage or even due 
to inadequate measures provided for proper 
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maintenance. As such, atleast for some years in 
the initial stage, periodical observations are 
necessary and the appropriate remedial measures 
are to be taken. 

9J.2 - One of the common observations in 
wood work in buildings anu other structures is 
loosening of joints caused due to shrinkage. 
Swelling of wood also may cause enormous 
stresses at the joints resulting in some distortions. 
For this, appropriate measures to tighten the 
joints or remove the excess material under 
swelling should be undertaken. If any excessive 
deflection or twisting or bowing of members is 
observed, or the alignment of wood \v6rk is 
distorted, necessary repairs should be done at the 
earliest unless they are not of immediate danger 
and there is a possibility of the defects getting 
removed naturally in course of time. Timber 
structures are usually easy to repair. The repairs 
arc generally of the type of reinforcing the joint or 
any weakened member. Sometimes there can be 
also replacement of decayed portion of wood. 
Consistent with the costs involved all outside 
pieces, if damaged, can be easily removed and 
replaced, but all the interior pieces should 
invariably and preferably be reinforced only. 

9,3.3 Much of the wood work in the interior 
of buildings does not require rccoating with wood 
finishes as periodically as the exterior and 
exposed wood surfaces require. All such exposed 
surfaces, require every year repetition of the 
surface coatings as originally done. When the 
coating becomes too thick, and scales start 
coming off, or when a differently coloured coating 
is required, it may be necessary to first remove the 
original coatings either by controlled flame, or by 
boiling the pieces of wood work (like door and 
window shutters) in alkaline water, cleaning the 
surface thoroughly theneafter, and repainting all 
over again. Normally ^11 exposed wood surfaces 
should be given wattr repellent paints and 
repeated every few yeafs. Ihere are examples in 
India of linseed oil treatment alone having 
protected timber for quite a long time. 

IS : 2338 (Part 2)-1967 gives in a tabular form 
recommended practices for cleaning and painting 
periodically when the condition of the original 
painted surface shows blistering, cracking, 
checking or chalking. Whenever blistering or 
cracking is heavy and deep, it is recommended 
that the paint should be removed completely to 
base wood, and entire schedule should be 
followed again. 

9J.4 If inspite of all precautions, insect attack is 
detected in its early stages, immediate corrective 
steps should be taken to clean the infested portion 
and give Hberal coating of paints or polish with 
preservatives. If necessary, slanting holes can be 
drilled in the wood to fill them up completely with 
the preservative. Simultaneously care should be 
taken to eradicate the sources where insects are 
breeding. In the case of termites, the termite- 



mound should be destroyed, and the soil properly 
treated with chemicals. The soil, or the floor 
around which wood is embedded, should be 
periodically treated with suitable preservatives. 
Sometimes fumigation would help killing of any 
existing infestation and prevent its spread but this 
should not be considered as a permanent way of 
preventing any future infestations. In India, a 
number of pest control organisations have 
recently come up to undertake these jobs as 
required. 

10. FIJTIRE POSSIBIIJTIES 

10.1 Introduction At several places, in earlier 
sections, it has been brought out how, in several 
areas, there is lack of adequate experimental data, 
and there is no development of accurate theory, 
resulting in extra safety measures that are 
required to be taken in design and consti iiclion of 
timber structure. Also owing to inadequate supply 
of conventional and well known timbers, a need 
has arisen for use of not only alternate species but 
improved products of the same and for which 
considerable developmental activity is still in 
progress. With rapid strides m trade, and 
industrial patterns of the country, a need has been 
felt for increasing use of timber and timber 
products inspite of many competitive materials 
coming up. Mere it is proposed to review some of 
the trends and developments, and project tuture 
potentialities in timber engineering. 

10.2 Glue-lam Engineering 

10.2.1 Of the several directions in which 
developments are taking place, gluc-lam 
structures in timber engineering is the most 
promising with a high economic and technical 
potential. L.aminating planks of wood up to 
generally 5 cm thick with the grain of all planks of 
wood running in the same direction and w^th the 
help of newly available cold setting commercial 
adhesives, almost any shape and size of structural 
component can be developed. This has been 
particularly usffui in arches and curves in 
members. In th|s process it has been possible to 
utilise low grade timber in areas of lower stresses 
like the neutraj axis region of beams and high 
grade timber iii areas of higher stresses like the 
extreme zones ;of beams. The rigidity obtained 
due to interlaycr of glue lines (which is always 
stronger than timber) between the ptanks, and at 
various joints is highly desired factor in timber 
structures. However, considerable amount of 
research work seems necessary particuiarl)' in the 
glueability characteristics of several Indian species 
used for structural purposes. Engineering tests on 
different types of glue-lam structural units would 
help development of working stresses tor the 
same. It would also be possible to develop the 
necessary modification factors for permissible 
stresses depending on the number and nature of 
laminations and their direction (that is, grain 
orientation) to the induced loads. When once a 
structural unit like a beam or column is 
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developed, and its overall strength is determined, 
it can be used in the structures by the same design 
methods as in normal cases. However, it should 
be possible for designing and preparing a 
laminated unit of required properties, from the 
properties of individual laminations which may be 
required to be determined. The mechanical 
behaviour of the composite material can be 
computed from the strength and geometry of 
individual laminations. 

10.3 Plywood Engineering 

10.3.1 Unlike m glue-lam product the grain of 
timber in alternate layers of plywood runs in 
directions perpendicular to each other. Varieties 
of plywood are produced in India, and already a 
(air amount of progress is made in the application 
of plywood for structural engineering purposes. 
As in this Handbook only solid timber was 
intended to be covered, the development in the 
field of plywood engineering (that is, structural 
application of plywood) has not been covered. 
Plywood has been used as stressed skin panels for 
walls and ceilings web beams, arches, panels, 
portal frames and gussets. Plywood has also been 
used in builtup beams such as I-beams and box 
type beams. Some attempts are also made for 
developing shell roofs and domes and folded plate 
roofings with plywood because of its uniform 
strength in perpendicular directions, and its light 
weight. The use of plywood in big drums, grain 
silos, farm houses, etc, are well known. However, 
it appears that some systematic studies on 
computation and evaluation of strength of 
plywood on the basis of strength and thickness of 
mdividual veneers is still required to be pursued in 
India. Although rigorous tests are available [see 
IS: 1734 (Parts 1 to 2)-I972] for determining 
strength of plywood, evaluation of appropriate 
working stesses and standardization of plywood 
constructions would further help rapid 
developments in plywood engineering. Studies are 
required to be undertaken on the efficacy of 
various types of joints with plywood. Use of 
special types of fastening hardware, such as nails, 
staples, screws, bolts and clips are currently under 
investigation, it is known that plywood has shown 
very good holding power with these in a direction 
perpendicular to its surface. Edgewise resistance 
to withdrawal of nails is somewhat lower but still 
comparable to that of solid wood. For this 
purpose special types of fasterncrs like grooved 
nails and special type of screws are coming into 
gradual use. 

10.4 Other Forest Based and Biological 
Materials 

10.4.1 Besides timber which is a major 
product from forests, other minor forest products 
like bamboos and canes are also available for 
structural and non-structural purposes in building 
construction. The use of bamboos, as an 
important constructiotta! material for rural 
dwellings, is well known in India, Japan and 



many other South East Asian countries. Bamboos 
have also been used for developing variety of 
building boards. Recently considerable 
developments have taken place in using bamboo 
for reinforced concrete as an alternate to steel at a 
lower cost. This has been particularly useful in 
low cost structures. The avergc tensile strength of 
bamboos varies from 1 400 to 2 900 kg/cm^ and 
this high strength value has naturally attracted its 
use for reinformcement in concrete. At present the 
same principle, as for steel reinforced concrete, is 
employed for design of bamboo reinforced 
concrete structural units, but a setback is 
observed due to shrinkage and swelling of 
bamboo resulting in weakening of bonds and 
development of cracks. Split bamboo with surface 
treatment for increasing the bond, and with 
properly designed meshwork for reinforcement 
seem to give good hopes of increased use of these 
techniques {see Fig. 18). Considerable amount of 
labortory and field data seem to be required 
before standardisation can be attempted and 
regular engineering practices can be ccxiified. 
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Fig. 18 Dhtau.s of Bamboo Reinforcement 



10,4.2 Besides making plywood with wood 
veeners a variety of panel products have come in 
the market like hardboards, particle boards and 
bamboo boards. Some of the grasses and reeds, 
bagasse, cereal stalks, pine needles, and a variety 
of raw materials have also been used for 
preparing different sorts of panels and boards for 
building purposes. In some of the westerr 
countries, some of these boards have been widely 
used in standard building constructions. In some 
countries particle boards of different thicknesses 
have already come into structural use in buildings. 

However, standards do exist at present for 
producing some of the above materials for non- 
structural end use purposes. Considerable amount 
of efforts in data collection and development of 
structiiral designs are required in the country 
before attempting standardization. However, 
wood wool building slabs according to IS : 3308- 
1981 have come into prominent use for ceiling 
and acoustic purposes. 
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10.5 Prefab Techniques 

10.5.1 If timber engineering is to remain 
economical, in the face of increasing labour costs 
and specialized hardware, adhesivcs, etc, 
importance of prefabrication in workshops cannot 
be overlooked. As already explained in earlier 
sections^ there arc at present no special prefab 
techniques developed in India for mass 
production of timber structural units, but only the 
normal wood workshop facilities are utilized for 
production of similar structural components all 
together at a stretch. However, it is required that 
for mass production of any standardized 
structural units such as trusses, or built up 
columns for ready use, there is a need of special 
types of jigs, fixtures, boring machines, nailing 
machines, glueing machines* etc. Such types of 
machines for multiple borings for connectors, or 
quick insertion of gangnails (multiple nails in one 
plate) are in common use in other countries. I o 
develop these machines and techniques, not only a 
demand for standard timber structural units is 
required to be built up but considerable R&D 
efforts are required to be put in for optimum 
working conditions. There appears to be 
considerable potential for development in this 
field in view of the present tempo in rural 
development schemes and urban housing 
programmes on a large scale. 



10.6 Computer Techniques 



10.6.1 Just as in many other fields of science 
and technology, computation of data and 
programming a series of mathematical operations 
for obtaming the solutions are required, so also m 
the field of timber industries. Also in structural 
uses of timber, it has now become possible to 
introduce computerization. Some of the 
conversion and saw-milling operations, grading, 
etc, are now being done in other countries by 
computer techniques so that a log fed at one end 
automatically comes out at the other end in the 
form of appropriately sized and graded converted 
material for ready use in structures. Hither by 
colour indication or by actual printing 
arrangement on the member, the material at the 
other end will be classified into use within specific 
range of working stresses for beams or columns or 
boards, etc, as the case may be, although it 
appears a need of this type would arise in India 
only when timber structures become popular 
manifold than what it is at present. R&D efforts 
in this direction may start to keep pace on one 
hand with the developments in other countries 
and on the other to evolve indigenous systems by 
which unknown factors in timber utilization may 
fall beyond the judgement and discretion of 
individuals. 



A r P K N D I X A 

(Clause 1.6) 

INDIAN STANDARDS USEFUL FOR TIMBER ENGINEERING 



IS : 190-1974 
IS : 218-1983 
IS : 287-1973 

IS : 399-1963 

IS :40M982 
IS : 707-1976 

IS : 851-1978 



Specification for coniferous sawn 
timber baulks and scantling 
((hind revision) 

Specification for creosote and 
anthracene oil for use as wood 
preservatives (second revision) 

Recommendations for maximum 
permissible moisture content 
of timber used for different 
purposes (second revision) 

Classification of commercial 
timber and their zonal distribu- 
tion (revised) 

Code of practice for preservation 
of timber (third revision) 

Glossary of terms applicable to 
timber technology and ulilizalion 
(second revision) 

Specification for synthetic resin 
adhesivcs for construction work 



IS : 852-1969 



IS : 876-19:* 



IS : 883-1970 



(non-structural) in wood i/irsi 
revision) 

Specification fou animal glue for 
general wood working purposes 
(first revision) 

Specification for wood poles for 
overhead power and telecommu- 
nication lines (second revision) 

Code of practice for design of 
structural timber in buildings 
(third revision) 

IS : 1003 Specification for limber panelled 

(Part I)-I977and glazed shutters: Part I 

Door shutters (second revision) 

IS : 1003 Specification for timber panelled 

(Part 2)-l983and glazed shutters: Part 2 Win- 
dow and ventilator shutters 
(second revision) 

IS: 1141-1973 Code of practice for seasoning 
of timber (first revision) 
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IS : 1150-1976, Trade names and abbreviated 
symbols for timber species 
(second revision) 

IS : 1326-1976 Specification for non-coniferous 
sawn timber (baulks and scant- 
lings) {first revision) 

IS : 1331-1971 Specification for cut-sizes of 
timber (second revision) 

IS ; 1609-1975 Code of practice for laying damp 
proof treatment using bitumen 
felts (second revision) 

IS : 1634-1973 Code of practice for design and 
construction of wood stairs in 
houses, (first revision) 

IS : 1642-1960 Code of practice for fire safety of 
buildings (general) : Materials 
and details of construction 

IS : 1643-1960 Code of practice for fire safety of 
buildings (general) : Exposure 
hazard 

IS: 1708-1969 Methods of testing small clear 
specimen of timber {first revision) 

IS : 1900-1974 Methods of test for wood poles 
{first revision) 

IS : 1902-1961 Code of practice for preservation 
of bamboo and cane for non- 
structural purposes 

IS : 219! Specification for wooden flush 

(Part 1>-1983 door shutters (cellular and 
hollow core type): Part 1 Ply- 
wood face panels (fourth revision) 

IS : 2191 Specification for wooden flush 

(Part 2)-l983 door shutters (cellular and hollow 

core type): Part 2 Particle board 

and hardboard face panels (third 

revision) 

IS : 2202 Specification for wooden flush 

(Part I)-I983 door shutters (solid core type): 
Part 1 Plywood face panels 
(fourth revision) 

IS : 2202 Specification for wooden flush 

(Part 2)-1983 door shutters (solid core type): 
Part 2 Particle board and hard- 
board face panels {third revision) 

IS : 2203-1976 Specification for wooden cross 
arms (first revision) 

IS : 2338 Code of practice for finishing of 

(Part 1)-1967 wood and wood based materials; 
Part I Operations and work- 
manship 

IS : 2338 Code of practice for finUhing of 

(Part 2)- 1967 wood and wood based materials; 
Part 2 Schedules 

IS : 2366-1983 Codec of practice for nail-jointed 
timber construction {frist revision) 



IS : 2377-1967 Tables for volume of cut-sizes 
of timber {first revision) 

IS : 2408-1963 Methods of static tests of timber 
in structural sizes 

IS : 2455-1974 Methods of sampling of model 
trees and logs for timber testing 
and their conversion {first 
revision) 

IS : 2700-1964 Code of practice for roofing with 
wooden shingles 

IS : 3037-1965 Specification for bitumen mastic 
for use in water-proofing of roofs 

IS : 3337-1978 Specification for bailies for 
general purpose (first revision) 

IS : 3364 Methods of measurement and 

(Part 1)-I976 evaluation of defects in timber: 
Part 1 Logs (first revision) 

IS : 3364 Methods of measurement and 

(Part 2)-1976 evaluation of defects in timber: 
Part 2 Converted timber (first 
revision) 

IS : 3629-1966 Specification for structural 
timber in building 

IS ; 3670-1966 Code of practice for construction 
of timber floors 

IS ; 3731-1985 Specification for teak squares 
(first revision) 

IS ; 4020-1967 Methods of tests for wooden 
Hush doors: Type tests 

IS : 4021-1983 Specification for timber door, 
window and ventilator frames 
(second revision) 

IS : 4423-1967 Guide for hand-sawing of timber. 

IS : 4891-1968 Preferred cut-sizes of structural 
timbers. 

IS : 4895-1985 Specification fpr teak logs {first 
revision) 

IS : 4907-1968 Methods of testing timber 
connectors. 

IS : 4913-1968 Code of practice for selection, 
installation and maintenance of 
timber doors and windows. 

IS : 4924 Method of test for nail-jointed 

(Part 1)-1968 timber trusses: Part 1 Destructive 
test 

IS : 4924 Method of test for nail*jointed 

(Part 2)- 1 968 timber trusses: Part 2 Proof test 

IS : 4962-1968 Specification for ^ooden side 
sliding doors 

IS : 4970-1973 Key for identification of com- 
mercial timbers {first revision) 
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IS : 4983-1968 Code of practice for design and 
construction of nailed laminated 
timber beams 

IS : 5119 Code of practice for laying and 

(Part I)-I968 fixing of sloped roof coverings: 
Part I slating 



IS : 6346-1971 



IS: 6534-I97I 



IS 
IS 



5246-1969 
5389-1969 



Specification for coniferous logs jc , 6711-1972 



Code of practice for laying of 
hardwood parquet and wood 
block floors. 

IS : 5390-1984 Code of practice for construction 
of timber ceiling (first revision) 

IS : 5966-1970 Specification for non-coniferous 
timber in converted form for 
general purposes 

IS : 5978-1970 Code of practice for design of 
wood poles for overhead power 
and telecommunication lines 

IS : 6056-1970 Specification for jointed wood 
poles for overhead power and 
telecommunication lines. 

IS; 6198-1988 Specification for ledged braced 
and battened timber door shut- 
ters {first revision) 

IS : 6313 Code of practice for anti-termite 

(Part i)-198I measures in buildings: F'art I 
Constructional measures (first 
revision) 



IS :6313 
(Part 2)-1981 



Code of practice for anti-termite 
measures in buildings: Part 2 
P re-constructional chemical 
treatmerit measures {first revision) 

Code erf practice for anti-termite 
(Part 3)-1981 measures in buildings: Part 3 



IS : 6313 



SP : 33(S&T)-1986 

Treatment for existing buildings 
(first revision) 

Methods of test for timber props 
for mines 

Guiding principles for grading 
and inspection of timber 

Code of practice for maintenance 
of wood poles for overhead 
power and telecommunication 
lines 



IS : 6874-1973 



Methods 
bamboos 



of test for round 



IS : 7308-1973 Specification for non-coniferous 
logs 

IS : 7315-1974 Guidelines for design, installation 
and testing of timber seasoning 
kilns 

IS : 7638-1975 Methods of sampling of plywood 

IS : 7683-1975 Code of practice for design, fabri- 
cation and maintenance of nail- 
jointed timber posts from small 
dimensional timber for overhead 
electric distribution lines for low 
vohages 

IS : 8720-1978 Methods of sampling of timber 
scantlings from depots and their 
conversion for testing 

IS : 8745-1978 Methods of presentation of data 
of physical and mechanical pro- 
perties of timber 

National Build-Part VI Structural design, 
Sectioning Code of 3 Wood India 1983 



APPENDIX B \ 

(Clauses 4.1 and 4.3.1) \ 

IMPORTANT INDIAN PUBLICATIONS IN TIMBER ENGINEERING 

(Some of these have been referred in the text by appropriate reference). 



Research Papers 

i) Guha (SRD), Mathur (CM), Gupta (VK) and 
Sckhar (AC). Insulating boards from rice 
straw. Indian Pulp and Paper. Vol. 19, April 
1965. 

2) Gupta (RC), Chauhan (BPS). Tandon (RC), 
Tiwari (MC) and Jain (NC). Studies on 
glued laminated constructions. Preliminary 
studies on the effect of preservatives on 
bending of Pinus Rexhur^hii, J TD A.' 20(4), 
1974. 



3) Masani (MJ) and Gupta (RK). Proof test on 
full sizes nail-jointed timber trusses for 
residential buildings (Part II). IFL. 183. 1963. 

4) Masani (NJ). Economics of timber structures 
with reference to roof trusses, IFL. 169. 1964. 

5) Masani (NJ), Pruthi (KS) and Agarwal (SK). 
Bolted joints for timber structures (bolt 
bearing strength of wood parallel to grain) 
(Part I). IFL, 180. !964. 
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6) Masiini (NJ) and Gupta (RFC). Mechanically 
laminated timber construction: Test results 
and recommendations on design of mechani- 
caily laminated beams. IFL- 186. 1966. 

7) Masani (NJ) and Pruihi (KS). A study of 
effective lever arm in spliced nail-jointed 
beams (lengthening (joints, their efficiency 
and economy) (Part 1). IFL. 184. 1966. 

8) Masani (NJ), Gupta (RK), Bahuguna (JP) 
and Bachan Singh. Theory and practice of 
solid web-type nail-jointed timber girder 
T.E. Manual (Part II). FRL 123. {revised). 
1966. 

9) Masani (NJ) and Pruthi (KS). A note on 
comparative strength of wood disc dowel 
joints with different joints in timber framed 
structures- IFL 185.' 1967. 

10) Masani (NJ) and Gupta (RK). Test results 
and recommendations on strength of nail- 
jointed timber roof trusses for residential 
buildings (Part I). IF!.. 182. 1961. 

I!) Masani (NJ), Gupta (RK) and Bachan Singh. 
Overhead electric distribution posts from 
small dimensioned timbers. /TA. 192, 1972. 

12) Masani (NJ) and Pruthi (KS). Overhead elec- 
tric distribution posts from small dimen- 
sioned timbers. Ih'L, 192. 1972. 

13) Masani (NJ) and Bajaj (AN). Timber re- 
sources in India and their utility for struc- 
tural purposes with emphasis on quality 
construction and cost of secondary species. 
Paper presented at the Seminar on Quality 
Construction and Cost Aspects of Building 
Timber and 1 imber Structures, Hehra r3un. 
1972 

14) Masani (NJ) and Pruthi (KS). Effects of grain 
alignments of wooden disc dowels made from 
radial and tangential plains on the strength 
of structural joints. 1974. 

15) Masani (NJ) and Bajaj (AN). Theory and 
practice of three hinged arch nail-jointed 
timber truss. T.E. Manual(Part I). FRI. 101. 

16) Masani (NJ) and Pruihi (KS). Some funda- 
mental aspects regarding lateral strength of 
ordinary wire nails used as connectors in tim- 
ber construction. IFL» VoL I. 

17) Narayanamurti (D) and Bist (BS). Building 
boards from bamboos. IFR, Vol. I. No. 2. 
CW Branch, Forest Research Institute, Dehra 
Dun. 1963. 

18) Purushotham (A). Low cost structures. 
TO PA J. 9 (3), 2-26, 1963. 

19) Purushotham (A). Pandc (JN) and Sood (JS). 

A note on fire-rcsistive-rwm-antiseptic com- 
position and fire resistive paint. TDPA J. 9 
(3), 27-28, 1963. 



20) Purushotham (A), instructions for treatment 
of timber bamboo, etc, where facilities for 
treatment are not available. JTDA. 9 (4). 
1963. 

21) Purushotham (A). Fire resistive compressed 
thatch boards. JTDA. 12 (4). 1966. 

22) Rehman (MA), Ghosh (DP) and Mchra (ML). 
Design and operation of an improved type 
of indirect-heat thermal circulation furnaces 
kiln. IFB. 226. WS Branch, Forest Research 
Institute, Dehra Dun. 1966. 

23) Sekhar (AC) and Rana (RS). Nail and screw 
holding power of Indian timbers. IFR (TM). 
5, 1956. 

24) Sekhar (AC). Notes on grading of timbers in 
India. Soc. Ind. Fores. II (1) 1962. 

25) Sekhar (AC) and Nagi (GS). A note on co- 
efficients of variation for mechanical pro- 
perties of Indian woods. Journal of N BO. IV 
(2), 1959. 

26) Sekhar (AC) and Rawat (BS). Studies on 
effect of the specific gravity on strength con- 
sideration of Indian timbers. J. Inst. Fngin 
{India). 39. (1) (Part I), 1959. 

27) Sekhar (AC) and Nagi (GS). Studies on vari- 
ation of strength properties of Indian timber. 
Paper presented at the Symposium on 
Timber and Alhcd Products. NBO, New 
Delhi. 1959. 

28) Sekhar (AC) and Bhatnagar (NS). Prelimi- 
nary observations on creep and fatigue pro- 
perties of some Indian timbers. Paper pre- 
sented at the Symposium on Timber and 
Allied Products. NBO, New Delhi. 1959. 

29) Sekhar (AC) and larlok Singh. A note on a 
survey of timber structure in India. Paper 
presented at the Symposium on Timber and 
Allied Products. NBO New Delhi. 1959. 

30) Sekhar (AC) and Bhatnagar (NS). Studies on 
creep behaviour of wood in bending. Journal 
of NBO. VI (3). 1961. 

31) Sekhar (AC) and Bhatnagar (NS). Analysis 
of stress in wooden beams under creep. Bluc- 
tinul Institului Politechnic Bin lasi Serie 
Noua, Tomul Vli (XI), Fase 1-2. 1961. 

32) Sekhar (AC). Structural utilization of wood 
in India, / Soc, Ind Forest, IV, (I), 1964. 

33) Sekhar (AC) and Rajput (SS). Some obser- 
vations on the effect of size and shape of 
test specimen and direction of load on 
some mechanical properties of wood. Materi- 
ailprufung. 1 (9), 1965. 

34) Sekhar (AC) and Rajput (SS). Comparison of 
central and two-point loading standard tests 
of wood under bending. IS! Bui 17 (9), 1965, 
P 363. 
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35) Sekhar (AC), Ranga (RS) and Singh (MM). 
Pressed board from Ullah grass. Indian Pulp 
and Paper. 19 (7), 1965. 

36) Sekhar (AC) and Sukla (NK). Creep of wood 
beams under central load and its effect on 
basic strength. Journal of NBC). XI (2), 
1966. 

37) Sekhar (AC) and Rajput (SS). A note on 
strength adjustment for moisture content 
in wood. Indian Forester, 94 (3), 1968. 

38) Sekhar (AC), Rajput (SS) and Gupta (VK). 
Some preliminary observations in non-des- 
tructive testing of limber. Indian Forester. 95 
(9), 1969. 

39) Sekhar (AC). Recent developments in stress 
grading. Van Vi^yan VII (4), 1969. 

40) Sekhar (AC) and Gulati (AS). Suitability 
indices of Indian grading of timbers for 
industrial and engineering uses. IFR, 2(1). 
1 .M. Branch, Forest Research Institute, 
Oehra Dun. 1972. 

41) Sekhar (AC) and Rajput (SS). Safe working 
stress oi Indian timbers (revised). Indian 
Forest Records. 2 (2). I.M. Branch, horesl 
Research In.siitute, Dehra Dun. 1972. 

42) Sharma (SN), Premanalh and Bali (Bl). A 
solar timber seasoning kiln. FDA 7. XVII (2), 
1972. 

43) Sharma (SN), Premanath and Badoni (SP). 
lests on evaluation of the performance of 
end-coatings on green wood. Proceedings 
of Forest Products Conference, Dehra Dun. 
1973. 

44) Shukia (KS) and Kambo (AS). Treatment of 
green chir poles' by high pressure sap dis- 
placement techniques. JTDA. 22(3), 1976. 

45) Sud (JS). Pande (JN) and Purushotham (A). 
Open tank plants, JTDA. (India). 12 (1), 
1966. 



Useful Reference Books 

46) Booth (LG) and Reece (PO). Structural use 
of timber. London. E and FN Spon Ltd. 
1967. 

47) Findlay (WPK). Timber properties and uses. 
Cresby Lockwood Staples, London. 1975. 

48) Forest Research Institute. Indian Forest 
Utilisation, Vol. 1 and U. 1972. 

49) FPRL (USA). Wood Handbook (Wood as 
Engineering Material). 1974. 

50) Hanson (H.I). Modern timber design, John 
Wiley and Sons. 1962. 

51) Holtman (OF). Wood construction, princi- 
ples, practice and details, McGraw Hill Book 
Co, New York. 1929. 

52) Ian Lenglands and Thomas (AJ). Handbook 
of structural timber design. Tech. Pub. 
No. 32; CSIR (Australia). 1939. 

53) Kamesam (S), Special factors affecting timber 
design. limber Development Series No. 9. 
FRI, Dehra Dun. 1937. Better and cheaper 
highway bridges. Centuary Wood Industries 
& Co, Bangalore. 1943. 

54) O/elton (EC) and Baird (J A). Timber Desig- 
ners Manual. Corsby Lockwood Staples, 
London. 1976. 

55) Sekhar (AC) and Bajaj (AN). limber and 
timber products in building technology. Basic 
document for the Seminar for Architects, 
Engineers and Builders. 1976. 

56) Timber Engineering Co, USA. Timber Design 
and Construction Handbook. F.W. Dodge 

Corporation, New York. 1956. 

57) American Institute of Timber Construction. 
Timber Construction Manual. John Wiley 
& Sons Inc., New York. 1966. 

58) Canadian Institute of Timber Construction. 
Timber Construction. CITC, Ottawa. 1963. 



APPENDIX C 

(Clause 2.4.2) 

A DICHOTOMOUS KEY FOR THE IDENTIFICATION OF 25 COMMERCIAL 

TIMBERS OF INDIA 



1 a) Wood non-porous 
b) Wood porous 

2 a) Resin canals absent 
b) Resin canals present 

3 a) Wood without any odour, white and very soft, no colour 

distinction between sapwood and heartwood, fir (Abies pindrow) 
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b) Wood with pungent odour, light yellowish-brown, moderately 
hard, sapwood and heartwood distinct, deodar (Cedrus 
deodar) 

4 a) Resin canals scattered 

b) Resin canals in long, tangential bands wood with 
pungent odour 

5 a) Resin canals minute appearing as white dots, visible 

only under the lens, wood without any odour 

b) Resin canals large, distinctly visible to the eye, wood 
with strong resinous odour 

6 a) Transition from early wood to late wood abrupt, wood 

yellowish to pale reddish-brown, moderately hard, medium 
coarse-tcKtured 

Transition from early wood to late wood gradual, wood 
light pinkish-red to light red, rather soft, fine-textured 

7 a) Wood ring-porous to semi-ring-porpous 
b) Wood diffuse-porous 

8 a) Early wood pore-zone broad changing abruptly to late 
wood, extreme late wood pores in clusters often arranged in 
zigzag fashion,* >vood golden yellow turning brown on exposure 

Early wood pore-zone narrow, showing gradual transition to 
late wood, late wood pores mostly solitary or in short 
radial multiples 

9 a) Parenchyma round the pores abundant and conspicuous, 
predominantly aliform to confluent, often forming numerous 
wavy bands 

b) Parenchyma round the pores scanty and inconspicuous, 
mostly vasicenlric 

DO a) l^ipple marks present, wood yellowish brown to golden 

brown with yellow water extract giving strong fluorescence 

b) Ripple marks absent, wood usually greyish to light 
reddish or walnut-brown, water extract of wood without 
any fluorescence 

11 a) Wood pinkish or reddish-brown with ccdary smell, rather 
lustrous, pores often filled with dark reddish-brown 
gummy deposits 

Wood golden-brown with characteristic smell of old 
leather, dull, pores partly filled with tyloses 

12 a) Vertical gum ducts present 
b) Vertical gum ducts absent 

13 a) Gum ducts scattered singly or in short tangential groups 

of 2-4, sometimes more, pores partly filled with tyloses 

Gum ducts in long tangential lines, pores heavily plugged 
with tyloses 

14 a) Ripple marks present 
b) Ripple marks absent 

15 a) Soft tissues predominantly banded, water extract of 
wood with characteristic fluorescence 

b) Soft tissues prodominantly aliform confluent, water 
extract of wood without any fluorescence 



Deodar {Cedrus deodara) 
Spruce (Picea sryuthiana) 

6 
Chir {Pinus rexhurghii) 

Kail {Pinus wallichidna) 

8 
12 

Mulberry 
(Morus alba) 



10 



Bijasal (Pterocarpus 

marsupium) 

Benteak {iMgerstrocmia 

lane eo lata) 



Toon (Toona ciliata) 

Teak {Tectona grandis) 

13 

14 

Gurjan {Dipierocarpus) 

Sal (Shorea robusta) 

15 

18 

Bijasal {Pterocarpus 
marsupium) 

16 



IM 
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16 


a 




b 


17 


a 




b 


18 


a 




b 


19 


a 




b 


20 


a 




b 



Wood light yeiiow or yellowish grey, pores otlcn filled 
with white chalky deposits 

Wood golden brown or purplish-brown, pores olten 
filled with gummy deposits 

Wood golden brown with darker streaks and without 
any sweet smell 

Wood purpish brown to deep purple with sweet smell 

Pores in long radial chains or oblique groups 

Pores not in long radial or oblique groups 

Soft tissues in diffuse-in-aggregates or fine lines 

Soft tissues in narrow concentric bands ending abruptly 

Pores small» visible only under the lens 

Pores mostly medium-si/cd to large or very large, visible 
to the eye 

Growth rings delimited by distinct band or a line of 
parenchyma 

Growth rings not delimited by a band of parenchyma 

Parenchyma paratracheal, forming thin sheaths or euelets 
round the pores, often confluent connecting adjacent 
pores, wood olive grey or pale yellowish-brown, hard 

Parenchyma apotracheal, rather inconspicuous under 

the lens, mostly diffuse, wood yellowish, moderately hard 

Rays broad distinctly visible to the eye conspicuous under 
the lens 

Rays fine, distinct only under the lens 

Soft tissues round the pores vasicentric wood hard, 
heavy light reddish-brown 

Soft tissues in fine, closely spaced, somewhat broken 
tangential lines forming reticulam, wood light, creamy 
white to pale yellow or buff 

Parenchyma round the pores mostly vasicentric to aliform 

Parenchyma round to pores predominantly confluent 

Wood usually dark coloured, usually yellowish while pr 
pinkish-brown \ 

Wood usually dark coloured, usually a dark shade ojf 
brown often with dark streaks. | 

Initial or terminal parenchyma always present prominent 
under the lens forming a continuous line delimiting 
growth rings 

Initial or terminal parenchyma absent, if present, 
discontinuous and inconspicuous even under hand lens 

28. Wood golden brown with darker streaks and without any 
sweet smell 

29, Wood purplish brown to deep purple with sweet smell 



21 a 

b 

22 a 

b 

23 a 

b 

24 a 



25 a 
b 

26 a 



27 a 



Kanju (Holopielea 
inte^nfolia) 

17 



Sissoo yDalher^ia sissoo) 

Rosewood (Dalhergia 
laiifoUa) 

19 

20 
Pali (Palaquium eilipticum) 
Poon (Cahphy/Iunj sp.) 

21 

23 



Champ (Michelia 
champaca) 

22 

Axewood {Anogeissus 
latifoUa) 



Haldu (Adina cordifolid) 

24 

25 
Babul (Acacia nihtica) 

Semul (Bonihax ceiba) 

26 
28 
Mango (Mangifera indica) 

11 

Laurel (Terminalia 
tomentosa) 

Kokko (Alhizia lebbeck) 

Sissoo (Dalbergia 
sissoo) 

Rosewood (Dalbergta 
iaiifolia) 
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D-2 FORMULAE BASED ON IS : 1708-1969 

Some important formulae for deriving ultimate stresses in various tests on small clear specimen, 
aee 3.1,1. For other properties derived as a routine see IS ; 1708-1969. 

Property Units Formula 

a) Static Bemfing 



I) Fibre stress at limit of proportionality kg/cm- 



Jpl 

ibir 



2) Equivalent fibre stress at maximum load kg/ cm- ^P ' 

3) Modulus of elasticity in static bending IO(X) kg/cm' or .^p j 

metric tonnes . ^ , m X 



per cm- 
4) Horizontal shear stress at maximum load kg, cm- 

b) livpavt Bending 



4Abh' 1 00() 

3 y_ 

4 bh 



3WHI 

1) Fibre stress at limit of proportionality kg/cm' , , 2 . 

2) Maximum height of drop cm //' 

3) Modulus of elasticity in impact bending 1000 kg/cm^ WHl^ 



or 



T-X 



tonnes cm^^ ^^^^^ ' ^0 



c) Compression Parallel ami Perpe/ulicular to Grain 
Tension and Shear Tests 



I) Compressive or tensile stress at limit of kg cm' 

proportionality 



A 



2) Compressive stress or tensile stress at kg cm- p^ 
maximum load (or at 2.5 mm compression in the "^ 
case of compression perpendecular to grain if the 

same in reached before maximum load) 

3) Modulus of elasticity in compression (parallel 1000 kg-cm' PI(or h) ^ !___ 

or perpendicular as the case may be) or ^^ ] qqq 

tonnes cm- 
Max, load 

4) Maximum shear stress kg|cm- Area of shear 

^ failure 

In the above formulae, the notations are as follows: 

I = span of the test specimen in cm in bending or guage length) in compression and tension tests; 

h = breadth of the specimen in cm (sometimes known as width); 

h ~ depth of the specimen in cm (or sometimes known as height); 

p = load in kg at limit of proportionality (commonly known as elastic limit); 

/?' = maximum load in kg (in the case of compression perpendicular to grain the load at 2.5 mm 
if the same is reached before the maximum load); 

A = total deflection at the limit of proportionality in bending or total compression in com- 
pression tei&ts or elongation in tension tests; 

H = height of drop of hammer at a limit of proportionality in the impact bending test on a 
Hatt-Turncr machine, and 

A ~ area in cm^ of the section of the specimen on which load is applied. 
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APPENDIX 

{Clause 3.1.2) 



E 



SUMMARY OF SCHEME OF TESTS ON STRUCTURAL SIZES OF TIMBER 

BASEDOMS: 2408-1963 



For more detailed description of procedures for 
layout and general precautions to be taken, 
reference should be made to IS : 2408-1963. 
The following is only a summary of some 
important considerations in the tests. 

a) Measurement of dimensions are to be 
correct to the nearest millimetre. 

b) Weights of the specimens are to be taken to 
an accuracy of 0.1 kg. 

c) The origin of the test piece, and all defects 
on the specimen are to be accurately 
recorded. 

d) The failure of the specimen is carefully 
sketched out for analysis, and the average 
moisture content of the piece, preferably 
near the areas of failure, arc determined as 
usual by the even-dry method. Average 
moisture content of all /ones of cross- 
sectional area are to be determined as 
described in IS : 240H-I963. 

e) The detail of static bending test are as given 
below: 

1) Size : 15X20X350 cm 

2) Span of test : 14 times the height of 
specimen 

3) Loading : At two points at a distance 
of one-third of the span. Load is applied 
continuously with a uniform motion of 
moveable head at a speed 



^ = ~{3L-4^)- 3.5 ZX I 
for the above 

4) Dejlection : measured at mid-span, mid- 
height at convenient load intervals say» 
2 000 kg. 

5) Formulae : 

Maximum horizontal shear, that is, at 
maximum load 



Fibre stress at limit of proportionality 

_ (p^-fO.TSKQL 



^ 3/) 
4bh 



kg/cm^ 



Modulus of rapture (M of R) 



bh' 



•kg/cm^ 



Modulus of elasticity (M of E) 

"4:7A^*^^/^"^ 

Compression perpendicular to grain 

1) Size: 15 X 20 X 70 cm. 

2) Loading : on the entire width of the 
specimen at its centre through a thick 
metal plate of 15 cm width and 1 cm 
thick under uniform motion of move- 
able head speed calculated by the 
formula TV ==0.0291 p*^ 

3) Compression readings : correct to 0,002 
cm at suitable load intervals until 1/5 of 
the depth of the specimen or failure which- 
ever is reached earlier. 

4) Formulae : 

Crushing strength at maximum load, if 
any (CS at ML) or as above 

= ~kg/cm' 

Crushing stress at limit of proportionality 
(CS at LP) 

= — kg/cm^ 

g) Compression parallel to grain: 

1) Size: 15 X 15X60 cm 

2) leading : on the entire cross-section, 
vertically at a uniform speed given by 
N=^ZL 

3) Compression readings : Correct to 0.002 
over a centre guage length of 54 of the 
length of the specimen until the specimen 
fails. 



4) Formulae : 

Compressive strength at maximum load 
(CS at ML) 



hh' 



kg/cm^ 



= -J Kg/cm^ 



IM 
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Compressive stress at limit of pro- 
portionality 

== — kg/cm^ 

Modulus of elasticity in compres- 
sion parallel to grain 



A 



kg/cm- 



where 

A^ = head speed in cm per minute, 

Z = unit rate of strain of outer film (Z = 0.0007 
for large beams and equal to 0.0015 for 
compression, 

a = distance from support to nearest load in 
cm. 



P - maximum load in kg, 

p^ — load at limit of proportionality (elastic limit) 
in kg, 

b ~ width of the specimen in cm, 

h - height of the specimen in cm (or also known 
as depth), 

L - length of the span in bending and length 
of the specimen in compression parallel to 
grain, 

d^ — distance between guage points in com- 
pression -parallel to grain in cm, 

w — weight of the specimen in kg, 

A — area or cross-section of specimen (cm^) 
under load, and 

A = deflection (in bending) or compression in 
compression test at limit of proportionality. 



A P P i: N D 1 X V 

(Clause 6.1.1) 

LIST OF TIMBER DESIGNS DEVELOPED AT THE FOREST 
RESEARCH INSTITUTE, DEHRADUN 

(Some of these would be available with F'orcst Research Institute and some have been published 

in different publication) 



1 . Nail jointed roof trusses for residential 
buildings (3 to 6 metres in light, medium iind 
heavy weight roofing material) 

2. Nail-jointed roof trusses for industrial sheds 
(7 to 16 metres, in light medium and heavy 
weight roofing ma(erial) 

3. Bolt-jointed timber trusses (3 to 8 metres 
in light, medium and heavy weight roofing 
material) 

4. Cantilever timber trusses (3 to 6 metres in 
light, medium and heavy weight roofing 
material) 

5. Dowel jointed trusses for chemical shed 
(14 metres in medium weight roofing material) 

6. Three-hinged arch timber trusses (7 to 24 
metres in light and medium weight roofing 
material) 

7. Timber lamella arches (6 to 19 metres in light 
and heavy weight roofing material) 

8. Solid web type timber girders and purlins (3 to 
6 metres in light and medium weight roofing 
material) 

9. North light timber trusses (8 to 12 metres for 
medium weight roofing material) 



10. Leanto-type trusses (6 to 10 metres in- light, 
medium and heavy weight roofing material) 

11. Aeroplane type trusses (4 and 12 metres for 
light and heavy weight roofing material) 

12. Bow string type arch trusses (20 and 30 metres 
for light weight roofing material) 

13. Timber bridges (3 to 18 metres for Class B 
loading) ; 

14. FJectnc trahsmission posts in timber (6.25 and 
9,25 melresiihigh for low voltage line) 

15. Grain silos Jand storage sheds: 

a) Storage shed in timber 

(100, 300 and i 000 M.T. capacity) 

b) Grain silo in timber 

(2.5, 5 and 20 M.T. capacity) 

c) Grain silo using bamboo reinforced cement 
concrete (2.5 and 5 M. I*, capacity) 

16. Anti-termite-cww-damp-proof constructional 
gadgets. 

17. Type designs and drawings of typical buildings: 

a) Residential houses for types 1,1!, 11 1 and IV 

b) Various types of farm houses in timber 
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c) Mode! houses for different regions 

d) Tree-top tourist huts in tinnber 

e) Mini bus stands in timber 

Storage godowns for different capacities 

g) Chowkidar-rww-check post hut in bam- 
boo-concrete roof 

h) Deer park shed 

i) Two ways bus stoppage shed 

k) Sports pavilions 

m) Hostel blocks 



n) Children park sheds 

p) Forest rest houses 

q) Tourist huts in timber 

r) Tourist bunglows 

s) Workshop buildings 

t) Assembly halls 

u) Cheap poultry houses 

w) Community halls 

x) Cycle, car and scooter sheds 

y) Airport buildings, etc 
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A p p f: N D I X J 

(Clause 3.1.4) 



lYPlCAL NIMERKAL KXAMPLK FOR CAin LATING THK COMPARATIVE 
SiriABlIJTY INDEX FROM THE BASK MFCHAMCAE PROPERTIES 



a) I'roperty desired 

b) Species 

(1) Cireen condition properties grouped: 



Strength as a beam 

Dulhi'vyja Sissoo (sissoo or shisham) 



Proper i 
Value 



Adjusting Wei}i,hw^e 

Factor Factor 



Product 



M or R (static bending) 
FS at FL (static bending) 
FS at FL (impact bending) 



721 

390 

1104 



X 
X 
X 



1 

1.69 
0.69 



X 
X 
X 



Total 



1442.0 
659.1 
761.8 

2'8619 



Group average for green condition 



), S^ - 



Total value 



2862.9 



Sum of wcightage factor 
(2) Dry condition moisture content at 12 percent properties grouped: 



715.7 



M or R (static bendmg) 

hS at FI (static bending) 

FS at FF (impact bending) 10K7 



Property 
\ 'alue 




Adfustin^ 
Factor X 




Het^^hta^e 

factor (f> 


Product 


1056 


X 


1.00 




X 




2 


2112.0 


659 


X 


1.73 




X 




1 


1140.1 


10K7 


X 


0.83 




X 




1 
Iota! 


880.5 




4132.6 



(iroup average tor dty condition (2) S^ 

I otal value _ 4132.6 

Sum of wctghtage 4 

factor 



1033.1 



Combining group aver^iges for all conditions and 
giving a relative weightage of 2 for green 
condition values as usual: 



2X 715.7 X 1033.1 



822 



Similarly value for teak, S' = 878 

Comparative suitability index for the property 
chosen 

= |xio<) 



822 
878 



X 100- 95 



(rounded off to the nearest 5.) 



For evaiualion of similar properties like 
suitability as a post, shock resisting ability, nail 
and screw holding power, refractoriness, 
hardness, etc (reference may be made to 
'Suitability indices of Indian timbers for industrial 
and engineering uses\ by A. C Sekhar and A. S. 
Gulati, Indian Forest Records, Vol. 2. No. I, 
1972), Suitability indices for a tew selected species 
and some important properties are given in 
Table 8. 



No IV X ' AdjusUng facuns, aie (he a\crjgc ratios ot 
principal property chosen (that is, the first piopcrt\ 
mentioned above for grouping) to ihe auxiliai\ properties 
chosen (that is, •iuhscqucnt properties mentioned above ior 
grouping) lor each condition, taking daln of all species into 
consideration Hence this is a constant factor and is used to 
bring the values of comxirned propeitics to the same order 
and level of con^idertion hetoie multiplying iind adding the 
same 

<l> " Weightage tactors are given to indicate reLiuve 
importance of the property or condtiion chosen as 
compared to tithcr properties und tondilions I'sualK the 
piincipal piopcrty and green conditions \;ilucs iire given 
weightage 2 as compared to others (nr \^hlch the wciglitugc 
IS only 1 
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A V V E N D I X K 

WORKKD KXAMIMFS 



/ \ani/>lc 1 

Consicici a beam o\' tc;ik ot standard grade !s 
u'Ljuiri'd lot a span of 5 mctics toi inside iiK^iiion. 
1 hen, troni \ppcnd)\ H. 

i!ic pcimisMblf slicss. / -- 15! kg cm' 

Horin^ntal shear "■ 9.4 

Modulus of ctetrcity ^ I 10 X IO(X) kg/cm' 

I in the beam carry a uniform loadmg of i(K) kg 
per' meiie Since from 5.2.3 aixl hig. 6 



/ 



A/r 

/ 



8 



d 12 

'2 ' Td^ 



It a beam ol iO em width (V) \s chosen, then from 
the above equation d will work dl 11. 2 em or sav 
\2 cm !t slinuld now be checked for dcllection. A 

I 
tliat It shcMild n(U be more than "^yr of the span. 



that IS. 



360 



1.4 



I he defleciion is given by A — 



384 



WL' 12 



/: 



h<i' 



By substitution ol W\ L, E, b and d\ the 
deflection will work out to 1.04 and this being less 
than 1.4, the cross-sections chosen are permissible 
for the span and load. 

Since the depth of the beam is less than 30 cm, 
no form factor is required as in 5.2.4. For 
modification factors for duration o^ loading and 
slope of grain, reference mav be made to I able 17 
and IS. \'0\ other types oi loads, and fixings, 
appropriate values oi M may be taken trt)m fig. 
6. 

fhe shear stress in the above beam is computed 
by the formula {.see 5.2.5.1): 



"'^'ihJ 



when V 



W 



- 250 



Substituting h - 10 cm and d ~ 12 cm, we gel 
// " 3.1 which is less than permissible shear stress 
9.4 for teak as mentioned above. Hence the cross- 
section is acceptable. 



Example 2 

If a column of 3 metres of teak of standard grade 
is required for inside location to carry a load of 
am) kg: 

For teak A (from Apprttdix H) ^ 1 10. 200 kg/m^ 

and f,p * % k|/ctti' 



0.702 Iy ^ 23.«of 4ay24 

] his is more than 1 1 am! htlKx the formula for 
intermediate column nnafy be considered with S-3 

metres, if we take J as 12.5 cm or more so that -r 

a 

does not exceed 23.8 tllfen the permissible stress is 

only 



l 3 \24 X 12.3/ J 



==64 



Actually stmi = 



aexx) 



12.5 X 12.5 



= 38.5 



Since thw is less than permissible, it can be used. 
If we take 10 X 10 cm cross-section then actual 
stress = 60 and permissible stress 

96 fi »i(-J29-„r ] ^1.2 

L 3 \ 24 X 10 M 



Hence 10 X 10 cm cross-section cannot he used 

If the length of the column is 500 cm then a cross- 

S 
section of 15 X 15 cm would give -- - 33.3 which 

(I 
is more than 24. Hence the formula for long 
column should be used under which the pcrmis- 

lible stress == 0.329 £/(-,) ^ 33A But the act- 

6000 
u«i stress - T^~"vriT ' ^^'^- ^^^^^ ^^is may be 

allowed. (For considering duration factors see 
Table 17 and for slope of grain in the column see 
Table 18. For end fixings and upercd columns see 



mA*. 
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Example 3 

Suppose a square box column of Icngih 
3 metres is required of leak planks o\ 2.3 cni 

thickness in inside locatit^n to carr\ a load ol 
6000 kg. 

Then from Table 23 q -^ 1.00; and T - SO 

From Appendix H, /: -110.2 X 1000 kg/cm' and 



Hence A^^ — 



W 



UE 
5^/ 



- 22 



If h, the width of the plank is taken as 10 cm, 
which is not more than 5 times the thickness of 
2.5 cm as required, then d\ - 12.3 and d- - 7.5, 
and Jf + t/5 - 212.5 

■ works out as 20.7 which is less than 



^/JT^■'"^^^ 



the above value oi A',. Hence it should he treated 
as an intermediate column for which permissible 
stress according to 5.3.4 (b) is: 



1 X 9^ 



, r ^00^ 

L 3 X 22' X (212 '^)' 



72 k^ cdi 



But actual load distributed on the cto^s-^ectlon 
of the box structure ot column 



6000/(4 X 10 X 2.5) - 60 



As this is less than perm]ssibie value obt.nned 
above the column is acceptable. In fact from ihc 
above considerations the column can safelv lake 
load up to even 72{K) kg. 

If on the other h»nd K X 2.5 cm planks are taken 

S 
for the box column then - _- will work out 

to 25 and so long column formula of 5.3.4(c) 
should be applied. Accordingly pcimissibte Ntiess 
f[ will work at only 41 3 kg-cnr 1 his being less 
than the stress du£ to actual load, this section is 
not acceptable. 



E\an)plv 4 

1 ct is hi' u'quircd to jna!\/c siicsscs in a sinipic 
truss as iruiicatcd in I tg 10 Ihc irigonoiiiL-lnc 
nieliuuj is cniploxcd In Iig 1(^ ihc vaiious [diiUs 
arc tcpicscnlcd h\ 7| ./- ./,, etc, and the forces in 
corresponding members between the joints as Q\ 
Qj.Q^, etc. From Fig. 10, if L is the span, it is 
evident that each segment ot bottom chord a is 
equal to Ljt. Let /' be the total worked out load 
at each joint as indicated. As the extreme angle 
indicated is 30", from simple trigt>nometncal cal- 
culations ./(J y, -= ^/cos 30^' " 1.18c;. Similarly it 
can be shown that 



JaJi 
JsJs 

and JJ^ " JxJ^ - .fsJt 



- 1.18 a 

= 0.59 a 

=- 1.52 a 

- 1.77 a 

- 2.00 a 

- a 



Now lor calculation ol the (orccs. let the Hrst joint 
7i) be considered 

Here )L V ^ }.5P - /^ f (_>, cos 60 - ...(1) 
X l!-^ Q, cos 30 V Q^ - ...(2) 

From Equation (1), Q\ ^ 5 /^ and substituting 
in equation (2), 



Smnlarly uoiking at ihi' loiiit ,/| 

1 \ Q; LOS 60 /• ) (), 1 (^) cos N) -^ 
1 // - Q^ cos "^O ^t o t-M^ M) - 

fiom these equations, (;- - >/' j[)d O P 

Sinnlarls working out at joint J, 
1 r - -Q, -r ij^ sin 4^) - 

and 1 // -''- -Q, -\ (J. cos 40 4 Q ^ - 

Substituting known \alues ot (J , we get 

Q, 1.32 P (in tension) and (/,„ 3 5/' 
(also in tension) 

Thus working successi\el> at each joint a tabic as 
shown below can be piepared for lengths of c;ich 
member and lorces on the same 



lion of 
member 



JxJ2 

J I J, 



Fnrci 






Value in 

Terms oi 

P 



I.rni^th m 
^ Terms iff 



-5P 
~'5P 
-4P 
[A)P 



1.18a 
lAHa 
\ \Ha 
Q.59a 
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Dcsi^na- 
non of 
mvmhcr 




Forc^ 


Ungth in 

Terms of 

a 

1. 52a 




Value in ^ 
Terms of 
P 
1.32/' 


JJ. 


Qo 


-1.5P 


l.lia 


AA 


Q^ 


IJ2P 


2.00a 


AA 


(?« 





1.77a 


JJs 


Q^ 


4.33/' 


a 


JaJs 


Q>o 


i.SF 


a 


AA 


On 


2.63P 


a 


Example 


5 







The forces and lengths on the right half of the 
truss will be symmetrical to the left half. By 
knowing the length of each member and forces 
acting on the same, taking negative values for 
compression and positive values for tension, and 
keeping in view the required uniformity and 
constructional details, the cross-seclions of 
members can be worked out as columns or beams, 
etc, as the case may be. 



Problem To find the number of nails for a 
nailed joint in a timber frame. 

Cfiven I) Teak species 

2) Thickness of member as evaluted 
by usual design calculation: 

3 X 8 cm 

3) Lateral strength of 3.5 mm 

diameter of 9 S.W.G. in double 
shear {see Table 26) for 
Teak timber - 140 kg for 

-- lengthening joint 
— 80 kg for modal 

joint 
~ 130 kg for temp 
erate construction 

Solution 

Total thickness of plates required 
- 1.5 X 3 - 4.5 cm 

Hence thickness of each plate 
= 4.5/2 - 2.25 cm 



length of the nails required 
= 3 + (2 X 2.25) ==: 7.5 cm 



For lengthening joints 
Let maximum stress be 



No, of nails required = rj^ 



- 750 kg 
750 

140 



= approximately 6 nails on either side of 
the joint. 

These are to be distributed uniformly keeping 
in view the recommendation on spacing, edge 
distances and end distances {see 6.2.1 L2). The 

length of the plates works out to be 21 cm. 

Social joint ai right angles 

Let the maximum stress be - 450 kg 

„ 450 
80 
" approximately 6 nails 

These nails are to be distributed uniformly as 
per the scheme recommended in 6.2J1.2. 



No, of nails required 



Lk ample 
Problem 

Given 



Kind the number of nails and the 
dimensions of the plates in a length- 
ening joint in a beam. 

Species of Group A: Grade I 
Service condition: Inside location 
Span of the beam: 400 cm 
Section of the beam: 15 X 6 cm 
Maximum bending moment: 

38 310 cm kg 
Bending moment (BM) for which 

joint is designed, say, 
= 1/3 of maximum bending moment 
= 12770 cm kg 



Solution 

Taking lever arm as 2/3 ^ 2/3 X 15 = 10 cm 
of indepth of the beam 



The force in the member 



BM at the joint 
lever arm 

= 1277? 
10 

- 1277 kg 

Thickness of plates = 6/2 + 3/2 = 4.5 

Total thickness at the joint == (2X4.5)~f 6= 15 cm 



140 
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Lateral strength of nail of 5 mm dia and 150 mm 
long is assumed to be 200 kg for the given 
species 

No, of nails required on either side of the joint 
in each of tension and compression zones of the 
beam 



nil 

'200 



= Approx. 6 nails 



With six Hiiiis m each /om: on either side oi the 
joint. 24 naiK ate rct|iiircd. 11 the distance bet- 
ween the centrt>tds of nail groups on either side is 
kept at 5 times the lever arm, then it is 5 X 
2/3 X 15=^50 cm. Hence keeping in view the 
edge distances and end distance, and adjusting 
the position oi nails in boiween, the length ot the 
pkues will work out to be 100 cm. Care should be 
taken that adjacent nails are driven Irom opposite 



faces. 1 he distances between nails aie to be 
checked for coniormation to be rctjuirements. 

I he general design consideration for stresses 
and deflections of nail jointed beams arc the same 
as o\ solid beams (IS : HS3-1970) and the shear 
strength for nails lor 3,75, 4 and 5 mm diameters 
and for length o( 75, 100. 125 and 150 mm foi 
various species as given \n IS : 4983-1^^6^ {see also 
6.3.2.3). For some oi' the light and soliet species 
n(> pre-boring is reconHnended but in other cases 
pre-boring is considered necessary. In such cases 
the diameter of pre-bore shcKild be lesser than the 
nominal diameter oi the nail b\ atleast 0.5, I and 
1.5 mm depending on hardness of the species But 
it appears, for convenience of design, the 
presently recommended iorty eight species in 
IS : 883-1970 can be suitably grouped accoulmg 
to their specific gravity or hardness. 



Example 7 



Pruh/em 



Given 



Solution 



To find the number of bolts of 
10 mm diameter required for a 
lengthening joint of a truss member 
in compression. 

Species- Teak for which working 
stress in green condition is 104 kg/cm" 
and hence for dry condition 15 percent 
be added - 120 kg/cm^ 

Thickness of member: 3.5 cm 
Force on the niember : 1200 kg 
Service condition ; Inside location 



Length of the bolt ;35 mm 
in the main 
member 

Diameter of bolt :10 mm 

/.Bolt L/d ratio :3.5 

Projected area of :3.5X 1.0 — 3,5 cm' 
the bolt 



Percentage safe 
working stress 
(from Table 28) for 
Lid ratio of 3.5 



00 



Safe working 

stress of timber 
for bolted joint 



120 X 100 percent 
120 kg/cm' 



Safe load per bolt, /" - 120 X3,5 
-= 420 leg 

A No. of bolts Force experienced 

required ^ by me mber 

Safe load per bolt 

^ |200 
420 

= approximately 3 
bolts on either 
side of the joint. 

These bolts are to be distributed symmetrically on 
either side of thte joint 

Thickness of the plate - 111 the size of main 

member 

- 1/2 X 3.5 - 1.75 cm 

Length of the plate ^2 (Id ^ ^d^ld) 

- 36 cm 
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Example 8 

Problem To calculate the safe load at a node 
joint at the bottom chord of a roof- 
struss if boils of 10 mm are provided. 



Given 



Solution 



Thickness of middle member at the 
joint = 3.5 cm. Each side member 
~ 1/2 thickness of main member 
Species — Teak, seasoned, Grade I 
Service condition: Inside location 
No. of bolts: 4 



Safe working stress in compression 
perpendicular to grain in green 
condition of teak = 49 kg/cm^ 

Adding 15 percent for seasoned condi- 
tion, / = 57 kg/cm^ 
Bolt Lid ratio - 35/10 = 3.5 



Percentage of safe stress (from 
Table 28 ) for Ljd ratio of 3.5. 
r = 66.2 percent 

.'. Modification factor for boll of 
lOmmdia, a: = 3.60 (from Tabic 29) 

/.Safe working stress of timber for 
bolted joint : 5=/ r. A 

= ^^7 X 66.2 X 3.6 

100 
= say 136 kg/cm^ 

Projected area of boil, L X <c/ = 3.5 cm' 
Safe load per boll == 136 X 3.5/476 kg 

.-. Safe load for all bolts = 476 X 4 
= 1904 kg 



Example 9 

If a wooden disc dowel of babul is required and 
from consideration of members of the joint the 
diameter of the disc should not exceed 5 cm then 
the thickness / of the disc is worked out as below: 

From Appendix H, for babul, s = 20.6 

and r -= 89 



^ 7r X 5 X 20.6 

^*=" ' " ^2X89 = '-^ ^"^ '' 



or to be on the safe side 2 cm such that one cm 
is embedded in each member. 
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